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cl:oude containing a 
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quence. under seiec.ed E "^W^ ^ H H 

binding conditions, and 
a substantially stereore- 
gular, predominantly 
uncharged backbone 

supporiing the recognition moieties at positions which allow hydrogen bonding between the recogniiion moieiiei and the 
corresponding in-sequencc bases in the target sequence. The composition is useful in a diagnostic assay system for deter- 
minaiion of a polynucleoiids containing the target sequence; in research applications involving binding to specific targe: 
.:quc-ces :n soluticp. ror '.h? purpose of seUctivcly alrcrin? rr.r£e[ exrucssion. inciudine rcpiicaiion. transcription, and 
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STEREOREGULAR POLYNUCLEOTIDE^eiNDING- POLYMERS 

1 . Field of the Invention 

The present invention relates to base-specific 
polynucleotide-bindiny polymers 

2 . Backgroun d of fhg Invention 

Compounds capable of recognizing and binding 
specifically to a target base sequence in a 
polynucleotide have many potentially valuable 
applications. For example, in therapeutic uses, the 
compounds could act to bind to and inactivate viral 
genomes, or other single-stranded polynucleotide 
species characteristic of an infecting microorganism. 
In diagnostic applications, the compounds could be used 
to '^hybridize" uuith analyte single-stranded 
polynucleotides, to detect the presence of viral or 
bacterial-specific nucleic acid species. 

The earliest attempts to devise an agent which 
is capable of binding specifically to a base-specific 
target region of a polynucleotide were based on the 
concept of (Belikov, Zardtova, Grinev) derivatizing a 
target-specific polynucleotide with an alkylating agent, 
(Summerton and Sartlett (L978), J. .Xolec. Biol, 122 :1^5) 
binding the derivatixed copound to the target 
single-strand RNA or DMA. Alkylation of the target 
strand would then bind the compound irreversible to the 
target:. There are two major difficulties with this 
approach. First, the negatively charged backbone of the 
derivatized polynucleotide seriously restricts its 
transport into living cells. Second, the phosphodies ter 
linkages in the agents are susceptible to rapid cleavage 
by cellular nucleases — particularly when the gene 
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inactiuating agents are. taken into cells oia 
endocy tosis . 

More recently, recombinant DNA mjchods have 
allcujed for the design of plasmids which carry a 
anti-sense gene uihose RNA transcript can recognize and 
bind to a particular target single-strand 
polynucleotide. Introduction of such a plasmid into 
cells results in continuing production of anti-sense 
mRNA which appears to pair uiith its complementary target 
mRNA and thereby block its translation (Izant and 
Weintraub (1984)/ Cell, 36.: 1007; Izant and Weintraub 
(1985), Science, 229 : 345) . A particular merit of this 
approach is that successful introduction of even a 
single such plasmid could potentially effect continued^ 
inactiuation of the targeted gone activity and/or 
permanent resistance to the* pathogen containing the 
•targeted genetic sequence. The approach is severely 
limited, however, by the problems of transforming a 
large number of tissue or organ cells with the plasmid 
construct. 

Attempts to design a polynucleotide binding 
agent which is both readily taken up by cells and. stable 
against intracellular degradation have focused on 
polynucleotide analogs which have uncharged or 
substantially uncharged backbones. One of the earliest 
reports of such uncharged comppounds involved a number 
of polynucleotide analogs in which the normal 
sugar-phcsphate backbone of nucleic acids was replaced 
by a polyvinyl backbone. These nucleic acid analogs 
were shown to have normal Watson/Crick pairing 
specificities with complementary polynucleotides — but 
with substantially reduced Tm values (Pitha and Pitha 
( 1970), Bioctiem. Biophys. Act?.. ?Q4 : 39) . 
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Subsequently, uncharged and substantially 
uncharged heteropolymeric polynucleotide :;nalogs more 
nearly isostructural with nucleic acids have been 
prepared for the purpose of in ui>JO inactiuation of 
targeted single-stranded genetic sequences. These 
substances include both aryl nitrogen mustard 
derioatized (Karpoua et al (1980), FEBS Letters. 122:21) 
and underiuatized (Richard Tullis, Personal. 
Communication, Molecular Riosystems. Inc., San Oiego) 
oligonucleotides hawing their phosphates in the 
uncharged tri^ster state. A novel class of 
polynucleotide analogs which has recently been reported 
contain predominantly uncharged, atactic 
methylephosphonate backbone linkages, or homochiral 
inethylphosphonate linkages alternating with charged, 
achiral phos phodies ter linkages (Miller, Yano, Yano, 
Caroll, Jayaraman. and Ts ' o (1979), Biochem., 18:5134; 
Miller, Dreon, Fulford, and Parland (1980), J. Biol. 
Chem. , 255.:9659; Murakami, Blake, and Miller ( 1985), 
Biochem,, 24:4041; Blake, Murakami, Spitz, Glaye, Reddy, 
Ts'o. and Miller (1935), 24:6132; Miller, Agris, 
Rurelian, Blake, Murakami, Reddy, Spitz, and Ts ' o 
(1935), Biochimie, 67:769) . 

The aboue-des cribed uncharged or substantially 
uncharged oligonucleotide anulogs have been reported to 
enter living cells and pair with complementary genetic 
sequences therein. In particular, it has been found 
that optimal uptake by vhe cells is achieved if the 
compounds are designed with one or a few ionic groups 
per molecule, to enhance solubility in aqueous medium. 
If the charge density on the backbone is increased 
significantly, however, problems of poor transport 
across the cell membrane are encountered. Also, greater 



wo 86/05518 



PCT/LS86/0054t 



-4- 

stability to nucleases is achieued if phosphodies ter 
linkages are avoided. 

The aboue uncharged and substantially uncharged 
polynucleotide analogs all have chiral backbone 
linkages, i.e., linkages in which two possible 
s tereoisomeric forms are allowed. As a consequence, the 
backbone of the polymer produced by linking subunits has 
a random sequence of left- and right- handed forms. 
This type of backbone structure, which is also referred 
to as an atactic backbone, is characterized by a broad 
range of analog/ target binding constants. The mean 
binding constant can be significantly reduced with 
respect to the binding constant between normal 
complementary polynucleotides. ^ 

For the phosphotries ter and methylphosphonate- 
linked nucleic acid analo^5 this binding constant 
reduction and broadening presumably deriues from one 
linkage isomer fauoring Watson/Crick pairing of proximal 
bases and the other linkage isomer inhibiting 
Watson/Crick pairing of proximal bases . This linkage 
chirality effect on base-pairing has been well 
established by studies inuoluing two separated isomeric 
forms of a methylphosphonate-liriked dideoxyribonucleo- 
side. Each of these dimers was mixed with its 
complementary polyribonucleotide. One isomer was found 
to bind with a Tm of I9.8*=*C while the other isomer had a 
corresponding Tm ualue of only 1S.4°C (Miller, Dreon, 
Pulford, and Parland (19S0), J. Biol, Chem, 2_SS:96S9). 
These studies were further extended to examine Tm 
binding ualues in homoisomeric decamers formed by 
linking the isomeric methylphosphonate dimers with 
normal phosphodies ter linkages. The decamer formed from 
dimers fiauing the preferred isomeric methylphosphonate 
linkages paired with its complementary genetic sequence 
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with a Tm of 33''C. By contrast, the corresponding 
decamer containing the other isomeric form of 
methylphosphonate linkages failed to cair with its 
complementary genetic sequence even at 0°C (Miller, 
Dreon. Pulford, and Parland (1980), J. Biol, Chem, 
255 : 9659) . 

On theoretical grounds there is reason to 
belieoe that for a sequence-specific polynucleotide- 
binding agent to be of therapeutic and/or diagnostic 
ualue, it should pair with its complementary target 
sequence with. a substantially uniform binding constant. 
The rationale here is that if a given preparation 
contains multiple molecular species, each with its own 
separate target binding constant, then those species ,^ 
having lower binding constants will contribute little to 
the target binding activity while some of those having 
significantly higher binding constants also form 
moderately stable mispaired complexes with nontarget 
sequences. In a therapeutic context any significant 
binding to nontarget sequences has the potential of 
generating toxic side effects, while in a diagnostic 
context such binding is expected to lead to high 
backgrounds and/or false positives. 

In principal, using currently available 
technologies it should be possible to prepare the 
foregoing charged or partially charged and chirally 
linked nucleic acid analogs having substantially unifor-n 
target binding constants. One :nethod for accomplishing 
this would involve binding the the polymer- solution, 
which contains- polymer species with a wider range of Tm 
values for a given target sequence, to an affinity 
column having the target sequence in an immobilized 
form. The analog is then eluted with with a gradient of 
an eluant, such as formamide, which will release 
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increasingly rrore tightly bound analog at higher eluant 
concentrations, and/or by eluting while slowly 
increasing the temperature. A narrow cut ^.r the eluant 
should contain primarily those molecules hawing a 
substantially uniform target binding constant. 
Achieving greater binding homogeneity with this method 
obviously means ro'i'jcino the final yield of usable 
polymer subs tqntially . Alternatively, it is possible 
that uncharged oligonucleotide analogs having tactic 
linkages (i.e.. all molecules having the same sequence' 
of chiral centers) could be prepared by means of a 
geometric assembly procedure in which one of the two 
s tereoisomars formed at each subunit addition .step is 
retained, and the other discarded. The limitation of , 
this procedure, of course, is that at least half of the 
material is discarded at each subunit addition step, so 
that the yield can be at most 1/2^ of the starting 
material, where n is the number of rounds of couplings 
required in the synthesis.. 

Thus, although it may be possible to prepare 
uncharged polynucleotide analogs having chiral 
intersubunit linkages which pair with their 
complementary target sequences with a substantially 
uniform binding constant, nevertheless, the syntliesis 
and purification of such chirally linked polymers would 
be time-consuming and yields would necessarily be poor. 

3 . S u-mary of the Inve ntion 

It is therefore one general object of the 
invention to provide a base-specific 

poly nucleotide-binding composition which substantially 
overcomes problems and limitations associated with prior 
art poly nucleotide-binding agents. 
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Related objects of the inLiention include: 

(a) Providing such a composition luhose polymer 
molecule compon-rnts all haue subs tanr.! ally the same 
binding affinity with respect to a Larget sequence in a 
single-stranded polynucleotide; 

(b) Providing such a composition which can be 
designed for tzirc^ctlng against virtually any nucleotide 
target sequence within a length range of between about 
r>-30 base pairs, and which can be prepared in relatively 
high yield; 

(c) .Providing such a binding composition 
having a desired binding affinity for a selected target 
sequence; and 

(d) Providing such u binding compound which is 
suitable for a variety of diagnostic and therapeutic 
applications which take advatage of the of the 

s tereoregular , uncharged or substantially uncharged 
nature of the backbone linkages in the compound. 

The invention includes a polymeric composition 
designed to bind, with a selected binding affinity, to a 
single-stranded 

polynucleotide containing a target sequence of bases. 
The composition includes non-homopolymeric , 
substantially s ter eoregular polymer molecules of the . 
f orin : 



B ^ B ~ 8 ~ . . . B , 

where : 

(a) ^j^-J^^ recognition moieties selected 

from purine, purine-like, pyrimidine, and pyrimidine 
like heterocycles effective to bind by Watson/Crick 
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pairing to corresponding, in-sequence bases in the 
target sequence; 

(b) n is such that the total nuuiber of 
Watson/Crick hydrogen bonds formed betuieen a polymer 
molecule and target sequence is at least about 15; 

(c) B ^ B are backbone moieties joined by 
chemically st^ible, i -jbs tan tially uncharged, 
predominantly achiral linkages; 

(d) the unit length of backbone moieties is S-7 
atoms if the backbone moieties have a cyclic structure, 
and 4-6 atoms .if the backbone moieties haue an acyclic 

s true ture ; and 

(e) the backbone moieties support the 
recognition moieties at positions which allow 
Watson/Crick base pairing between the recognition 
moieties and the corresponding, in-sequence bases of the 
targe t sequences . 

In a preferred embodiment for use in 
therapeutic applications, the poly-.sric molecules, have 
a small number of charges, to increase compound 
solubility in aqueous medium. The charges may be 
attached at end regions of the molecules or at achiral 
changed backbone linkages. 

The polymer molecules are constructed, 
according to the mi^thod of synthesis of the invention, 
by first selecting a sequence of bases ^n "the target 
polynucleotide. The sequence is typically between about 
5-32 bases, and preferably between about 8-20 bases, 
corresponding to the number of subunits in the final 
binding polymer. The binding affinity of the binding 
polymer for the target polynucleotide can be increased 
by increasing the number of target-sequence bases (and 
correspondingly , - the number of subunits in the binding 
rolymer) , Polymer subunits of the form B-R . and/or 
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B-R. are then coupled In a defined sequence 
corresponding to the sequence of bases in the 
target-specific sequence. Here and r!^ are 
recognition moities, as defined aboue, uhich aire capable 
of forming Watson/Crick base pairing u-ith corresponding 
polynucleotide bases through either two or three 
hydrogen bond?, r c r pc •: tiuely . The binding affinity or 
the Tm of the binding polymer for the target 
polynucleotide can be s elec ti^^-ely uaried according to 
the ratio of R^^ to recognition moieties used in 
forming the pglymer, with a greater percentage of R^ 
recognition moieties producing a lower binding affinity 
for the target polynucleotide. 

The polymers are useful in a diagnostic sysLom 
for detecting an analyte polynucleotide hauing a defined 
target base sequence. The system includes a support 
reagent composed of the polymer molecules of the 
invention linked to a solid support. In one embodiment 
of the invention, the polymer uinding molecules 
predominantly uncharged. In another embodiment, the 
backbone inoieties are joined by achiral charged 
linkages, such as phosphodies ter linkages, alternating 
with one or more - uncharged achiral linkages. 

In practicing the assay method, a 
poly nuclfO tide ar.alyte is ndded to the diagnostic 
reagent under conditions in which the analyte is in a 
single-strand form and which allow sequence-specific 
pairing between the analyte and the reagent polymers. 
After the analy te/polymer annealing reaction, the 
reagent is washed to remoue unbound test material. The 
reagent and bound analyte are then reacted with a 
oligocationic reporter which is designed to bind by 
charge attraction to the charged, phosphodies ter 
linkages cf the bound analyte, but not to the uncharged 
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or substantially uncharged polymer molecules. One 

feature of the system is that the ratio of bound 

reporter to bound analyte polynucleotides (the number of 

reporter molecules bound per analyte molecule) can be 
2 4 

10 -10 , giuing a highly sensitive assay. 

In therapeutic applications, the polymer 
composition is dp<:iG^.cci to inhibit expression of a 
selected target single-stranded polynucleotide, such as 
an RNf^ uirus. Here the polymer is preferably 
constructed to bind spsecif ically to the target 
polynucleotide, with the minimum binding needed to 
produce the desired inhibition of target expression, to 
[Tiinimize non-specific binding effects. 

These and other objects and features of the . 
present invention uill become more fully apparent when 
the following detailed description of the invention is 
read in conjunction with the accompanying figures. 

Brief Description of the Figures 

Figure 1 shows preferred* purine and pyrirnidine 
structures used in forming polymer molecules of the 
invention; 

Figure 2 shows preferred purine-like and 
py rimidine-like recognition moieties used in forming the 
polymer molecules; 

Figure 3 shows preferred cyclic backbone 
moities used in forming the polymer molecules; 

Fiqure 4 'i;hcws preferred acyclic backbone 
moieties used in forming the polymer molecules; 

Figures 5A and 5B illustrate two preferred 

subunit assembly schemes for coupling typ*, 

subuni t backbones ; 

Figure 6 shows the backbone structures of 
subunit dimers A-A through 0-0 formed in accordance with 
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the methods illustrated in Figures BA and 58, and tujo 
cyclic backbone structures formed in accordance with the 
methods illustrated in Figures 7A and 7b!; 

Figures 7A-7C illustrate three preferred 

subunit assembly schemes for coupling E type 

subunit backbones; and 

Figure 8 zhoi^jc preferred acyclic backbone 
structures of subunit dimers formed in accordance with 
th? methods illustrated in Figures 7A-7C; 

D etailed Description of the Invjention 

The polymeric composition of the inuention is 
designed to bind, with a selected binding affinity, to a 
polynucleotide containing a target sequence of bases. 
The composition is composed of non-homopoly meric , 
substantially s tereoregular molecules or species of the 
form: 



3 ~ B ~ R , . , B ^ 

where B-R^ are a series of base-specific subunits 
containing a backbone moiety B and a recognition moiety 
R. which is selected tc bind spf^cif ically by 
Watson/Crick base pairing to a corresponding, 
in-sequence base in the target sequence, and the 
subunits are joined through their backbone moieties 
predominantly achiral, substantially uncharged bonds. 
The design and selection of suitable subunits for use in 
constructing the polymer species will be be described in 
Section I below. Methods for coupling subunits ^through 
.?rhiral linkages arc described in Section II, with 
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subuni t-protec tive group strategies inuolued in subunit 
synthesis being discussed in Section II. 

The polymer species are synthesized by 
sequential subunit coupling, to form polymer molecules 
of a selected length and sequence. As will be described 
in Section lU, the length of the target sequence and 
polymer sequence selected to achieve a desired 
binding specificity. The binding affinity of the 
polyrr-er for the target can be selectively varied by 
several strategies discussed in Section lU, including 
the choice of . recognition moieties lohich are capable of 
forming either three (for greater binding affinity) or 
two (for lesser affinity) base-paired hydrogen bonds 
with Lhe corresponding target base. The resulting 
composition contains polymer sprecies or molecules, all 
having substantially the same sequence of subunits and 
substantially the same sequence of intersubunit linkage 
types. In functional terms, all of the polymer species 
have substantially the same binding affinity fur the 
target polynucleotide. Methods for assembling the 
polymer, once a desired subunit sequence is selected, 
are given in Section lU. 

The polymer composition is useful in a novel 
solid-phase diagnostic syste;:i which is d3scribed in 
Section lU. This systeui is based on the binding of 
analyte polynucleotide molecules to support-bound 
polymer molecules and subsequent elctrostatic attachment 
of multiple polycationic reporter molf^cules to the 
polynucleotide, to give an amplified reporter signal for 
each bound analyte molecule. The polymer is also useful 
in a variety of solution applications, including 
therapeutic applications, which are also considered in 
Section lU . 



wo 86/05518 



PCT/LS86/00544 



-13- . 

I . Subunit Structure 

A . T!"e Recognition Moiety 

Tha design of the subunits B--*-^ which are 
suitable for use in forming the polymer species of the 
invention inuol^es a number of structural and/or 
stereochemical rriteri^i which must be met both by the 
backbone and recognition moieties and by the linkage 
b'?tunj^en the tuo . The design requirement of the 
recognition moiety will be considered first. 

The recognition moiety of each subunit must 
provide two or three hydrogen-bonding groups held in an 
unambiguous configuration adapted for hydrogen bonding 
to i-wo or three of the Watson/Crick hydrogen bonding 
sites on a specified in-sequence base of the target 
genetic sequence. To auoid undesired mispairing between 
recognition moiety and its corresponding target base, 
under the conditions of use, (1) the tautomeric state of 
the recognition moiety ^l.ouid be rel?-ti'jely st^^ble. and 
(2) the recognition moiety should haue a structure which 
provides a relatively rigid arrangement of the hydrogen- 
bonding groups. Such rigidity is best afforded by a 
ring structure hauing the polar hydrogen-bonding groups 
either forming part of the ring or directly attached to 

The preferred recognition moiety 'structures 
include purine, pur-ine-like , pyrimidine, and 
pyriir.idine-like structures which are designed to form 
Watson/Crick base pairing, through either two or three 
hydrogen bonds, with selected polynucleotide bases. The 
group of subunits used in polymer sy.ithesis includes at 
least two recognition moieties which are base-specific 
for different polynucleoti'-'e bases, and preferably one 
or more recognition moieties for each of the four bases 
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in a natural DNA or RNA polynucleotide. Also, as will 
be seen below, it is desirable to prouide one group of 
recognition moieties, R^, which are capable of 
base-pairing with nucleotide bases through two hydrogen 
bonds, and a second group, which are capable of 
binding with the same bases through three hydrogen 
bonds. Figure 1 shows exemplary purine and pyrimidine 
type recognition moieties. The purine structures 1 and 
2 are designed to bind to thyrrdne or uracil bases, 
structures 3-6, to guanine bases; structures 7-9, to 
cytosine bases, and structures 10-12, to adenine bases. 
Structures 1, 4, S, 6, 8, and 10-12 are type 
moieties adapted to bind to corresponding in-sequence 
ba«^i-^s throuqh two hydrogen bonds, and the remaining 
structures are Rj type moieties which form three 
hydrogen bonds on base pairing. As will be seen below, 
purine and pyrimidine nucled'sides are useful in 
synthesizing a variety of other subunits which are 
suitable for use in polymer synthesis. These subunits, 
modified if necessary with amine . protectiue groups, can 
be obtained from commercial sources, or prepared 
according to known methods, such as those described or 
referenced in Example 1. 

A number of purine-like or pyrirnidine-like 
structures in which the recognition moiety is joined to 
t!'ie backbone through an annular carbon ar6 shown in 
Figure 2. These structures haue base pairing 
specificities and hydrogen bonding properties like those 
of the analogous structures shown in Figure. Although 
the binding properties of a polymer containing a 
carbon-linked recognition moiety may not be 
significantly different from that of a polymer whose 
recognition moities are nitrogen-linked, as in Figure 1, 
subunits incorporating the carbon-linked moieties 
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generally require a greater synthetic effort than do 
subunits containing preformed purine and pyrimidines . 
Koujeuer, for some subunit syntheses, sucr< as the 
synthesis of the achiral acyclic backbone subunits 
described in Example 10, the carbon-linked recognition 
moietie*> provide a useful starting material. 

5 . The Sackbone Moiety 

The backbone moiety of each subunit has the 
general form M^ — or N^— M^, ujhere and 

N are nucleophilic groups and E is an elec trophilic 
2 

group. Eased on ease of subunit coupling and required 
stability cf the resultant intersubunit linkage, as 
discussed belo'jj, the preferred nucleophilic groups are, 
amino, hydroxyl and hydrazino; and the preferred 
electrophilic groups, and/or elec trophilic linking 
agents, are deriuatiues of carbonic, thiocarbonic , 
carboxylic, and sulfonic acids. 

Backbone moieties can have either a cyrlic or 
an acyclic structure, While the. total number of 
possible backbone moiety structures is uery large, 
nevertheless, only a rather limited number of structures 
are of actual practical ualue due to a number of 
factors. The initial procedure by which promising 
backbone moieties were selected uas as follows. 

As a first conditions, only those cyclic 
backbone moieties were considered which consisted oF, or 
could be readily derived from, deoxyribose or ribose. 
Triis limitation is a practical one and reflects the 
difficulty and corresponding greater expense of de nouo 
synthesizing ring structures hauing multiple chiral 
centers. In general prospective backbone moieties and 
intersubunit linkages expected to be suitable for 
polymers were selected on the basis of one or more of 
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the follouiing factors: feasibility of synthesis based 
on known reactions; expected ease of synthesis from 
available starting materials; simplicity of structure; 
and expected stability of the final backbone. 

Initial screening of promising backbone 
moieties and intersubunit linkages was performed as 
follows. Spacc-F lilinc, CPK molecular models of duplex 
Di\iA and RWA were constructed according to parameters 
determined by x-ra.y diffraction of oligodeoxy ribo 
nucleotides in the 8-form and oligonucleotides in the 
A-form. In each of these constructed duplexes one of 
the two sugar-phosphate backbones was remoued. Next, 
each prospectiue backbone was attached, if possible, to 
the sites on the bases form which the original 
sugar-phosphate backbone had been remoyed. Each 
resulting polynucleotide/pclymer duplex was then 
examined for coplanarity of the Watsc.i/Crick base-pairs, 
torsional and angle strain in the prospective polymer 
backbone, degree of distortion imposed on the nucleic 
acid strand. ?iid interstrand and . intras trand nonbonded 
interactions. Special attention was paid to whether or 
not each amide-containing backbone could readily adopt a 
conformation wherein its amide moieties were planar. 
This is important because of the substantial energy cost 
rscjuired to force an amide into a nonplanar conformation. 

These initial studies uerified that the 
required unit backbone length (i.e., the — -E 

spacing in an E or actiuattfci ^^-^ 

subunit) is 5-7 atoms for backbone moieties constituting 
or derived from deoxyribose or ribose (cyclic backbone 
•structures), with a 6-atom length being optimal. 

Subunit structure judged acceptable in the 
above modeling studies were then assessed for 
feasibility of synthesis (on the basis of key synthetic 
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reactions reported in the literature, or reaction? ^ 
carried out on model compounds, and/or uia actual 
synthesis of the subunits) and stability of the 
assembled polymer backbone (preliminary stability 
studies were generally carried out uith suitably linked 
model compounds or subunit aimers). These types of 
studies were used to further restrict the number of 

candidate backbone structures. From this restricted g 
candidate pool the cyclic backbone structures A-G shown 
in figure 5 were ultimately selected as preferred 

structures . ^ 

In this figure, subunits A-D containing 

(vj (vj^ type cyclic backbone moieties include: 

2 ' -deoxyribonucleosides (structure A); 

2 • -deoxyribonucleosides substituted at the 5' and 3* ^ 
positions with an amino group (structures 3 and C, 
rcrspec tiuely ) ; and moroholino derivati'jes of 
ribonucleosides (structure D) . Subunits containing 

E-type backbone moieties include 

2' -deoxyribonucleosides substituted at their 5' 

positions with one and two-carbon acids (structures E ^- 
and F, respectiuely ) ; and N-aminomor pholino deriuatiues 
of ribonucleosides substituted at their 5' positions |/ 
with carboxylic acid (structure G) or sulfonic acid 
( s t.-uc ture H) . 

The same molecular modeling approach applied to |^ 
acyclic (unbranched chain) backbone moieties showed that 

bci^i^hone lenqths ranging from ^-6 atoms are 
acceptable, in terms of polymer conformation in 
base-pair hydrogen bonding to single-stranded 
polynucleotide, with a 5-atom backbone length being 
optimal. This is in contrast to cyclic backbones , where 
a 6-atom unit backbone length is optimal. Further, the 
modeling work showed that the annular recognition moiety 

fi 
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cannot be directly attached to the linear backbone 
moiety without severely inhibiting of coplanarity of the 
complementary bases and introducing undesirable 
interactions between the recognition moiety and the 
backbone the minimum binding strain occurred when the 
recognition moiety was linked to the backbone moiety by 
^ one-atom spacer. Two-atom, but not three-atom, 
spacers may be tolerated, although increased degrees of 
freedom between the recognition moieties and the linear 
backbone may lead to mispairi:ig with target bases with 
two-atom spacers . 

The acylic backbone moiety str^uctures I-N shown 
in figure ^, all of which contain a one-atom methylene 
spacer between the backbone and recognition moieties, 
gaue a good modeling prediction for fauorable 
base-pairing to a complemen tray polynucleotide. 
Analogous structures containing a two-carbon spacer 
showed acceptable, but less fauorable, binding 
conformation. The structures shown in the figure, and 
the analogous two-carbon spacer structures, are 
preferred acylcic backbone moieties because of their 
general ease of synthesis. It should be mentioned, 
however, that a number of other backbone moieties are 
also entirely feasible and suitable — although 
ger^erally not as easy and/or inexpensive to synthesize. 

C . Dackbone/Recoqnition Moiety Linkage 

As indicated ^houe, the linkage or spacer 
connecting the backbone and recognition moieties in the 
polymer subunit must meet certain design criteria which 
are effective to position the recognition moieties for 
base-pair binding to the polynucleotide bases. In the 
case of the cyclic backbone moieties shown in figure 3, 
modeling studies indicate that the most fauorable 
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binding conformation in the polymer occurs when the 
recognition moiety is attached directly to the 1' carbon 
of the ribose or ribose-like structures, :.nd to the 
analogous 1' position of the morpholino structures. 
That is, the moiety is attached at normal point of 
attachment and with the normal s tereoisomeric 
configuration of purine or oyrimidine bases to the 
ribose or deoxyribose groups of nucleosides.. For the 
acyclic structures, one-and two-carbon atom spacers are 
requir'^d for placing the recognition moieties at 
fauorable binding positions, with one-atom spacers being 
preferred, as discussed ahoue. 

In order tc achieue a s tereoregular polymer 
configuration required for uniform binding affinity of. 
the polymer molecules to a polynucleotide target, it is 
also necessary chat all of the backbone/recognition 
moiety linkages be either of '"tiefine chirallty or 
achiral. The linkages are considered to be of defined 
chirality, for purposes of definition herein, if each of 
the linkages in any giuen subunit position in all of the 
polymer molecules has the same s tereoisomeric 
configuration, or chirality. That is, although the 
subunits in different sequence positions may haue 
different internal stereoisomer configurations 
(including achirality at specific sequence positions), 
all of the linkages at a gluen sequence position among 
the polymer molecules haue the same s tereoisomeric 
configuration. Usually defined chirality is most easily 
achieved by using the same s tereoisomeric configuration 
in all of the subunits. 

For the cyclic backbone moieties, the most 
fauorable binding occurs in nucleoside analogs hauing 
the natural D-s teriosomeric configuration shown in 
Figure 3. Subunits of this type are also readily 
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synthesized, as will be discussed below, using natural ■ f J 

D-riucleoside starting material. With reference to - S 

Figure 4, it is seen that only structures I and L haue 
chiral linkages between the backbone and recognition 
moieties. These subunits are readily synthesized in 

hcmochiral form by using homochiral starting material , • 
as will be descriHoH. r^r all of the other acyclic 
structures shown in Figure 4, the one-atom linkages a;re 
attached to backbone nitrogen atoms, are aro therfore 

achir^'. Also, of course, the methylene spacers are ||J 

1 0 f:^ 
themselues achiral. 
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1 1 , Protectitje Group Strategies 

Because of the rather high reactivity of the . 
compounds used for activating and/or coupling the 
subunits, it is generally desirable, and often 

necessary, to protect the exocyclic ring nitrogens of |.|| 

the recognition moieties. Selection of these protective 

groups is primarily determined by the type of 

intersubunit linkage to be used in the polymer assembled 

from these subunits, and secondarily determined by the 

relative reactivity of the nitrogen to be protected. 

Base-protected nucleosides are also useful r-lg 
star'ting reagents in a number of the subunit syntnesis 

r(z^;^r \--\nns to be described below. Methods for base f|>| 
protecting a number of the more common ribo- and 
deoxynucleosides from Example I are illustrated in 
Example 2. The loethods detailed in the example are 
generally applicable for forming nucleosides with 
amirte-protec tive groups . 

When the inter subunit " linkagt^ , to be used is 
relatively stable to nucleophiles , and particularly to ^ 
ammonium hydroxide., then the standard base-protective 
groups used for nucleic acid chemistry are suitable. 

1 



wo 86/05518 



PCT/LS86/00544 



-21- 

Such nucleophile-insensitiue inter$ubunit linkages 
include carbamate, amide, and sulfonamide linkages. The 
corresponding nucleophile-sensitiue protective groups 
for the recognition moieties include: benzoyl for the N4 
of C; benzoyl or p-ni trobenzoy 1 for the N6 of A; acetyl 
or isobutyryl for the N2 of G; and N2 , N6-bisi$obuty ry 1 
for 2 , 6-diaminopur i ne residues. Removal of these groups 
after completion of polymer assembly is effected by 
treatment uith ammonium hydroxide. 

In contrast, Liihen the intersubunit linkage to 
be used issensitiue to nucleophiles , such as ammonium 
hydroxide, suitable protective groups are those which 
can be removed by strong non-nucleophilic bases — via a 
B elimination mechanism. Such nucleophile-sensi tive 
intersubunit linkages include: carbonate; ester; and, 
to a lesser extent, triocarbamate linkages. Suitable 
protective groups for the recognition moieties removable 
via 0 elimination include: 2-(4-nitrophenyl)ethoxy 
carbonyi or 2-(prieriyl sulf cnyl) e thoxy carbonyl for both 
the IVj4 of C and the M6 of A; and .the 9-fluorenyl 
ifiethoxy carbonyi for the N2 of G and the N2 and N6 of 
2 , 5-diaminopurine residues. Removal of these groups 
after completion of polymer assembly is effected by 
treatmcnc uiith the strong nonucleophilic base 
l,8-dia2abicycloCS.4.0]undec-7-ene (DBU), under 
stringently anhydrous conditions. 

In regard to temporary protection of a 
niirlc'ophile of the backbone moiety (generally Ml in the 
above structures), in the general polymer assembly 
strategy employs selected backbone-protective groups 
ujhich are readily cleared by mild acid. One primary 
criterion for selection of protective groups is that 
they be adequately stable, but not so stable that 
conditions required for their removal would damage the 
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growing polymer. A principal problem in the case of 
polymers assembled from cyclic backbone moieties is the 
particular acid sensitivity of the gly^-osidic bond 
linking protected purine residues to the CI of their 
backbone moieties. A secondary criterion for selection 
of the backbone protective group is that it be easily 
introduce-d. Based on the aboue, the following backbone- 
protecting groups are preferred: for primary 
hydrcxyls, the di ( p-methoxy ) tri t y 1 group; for primary- 
amd-'^s, p-methoxy tri tyl ; and for a secondary amine (as 
in morphilino-t y pe backbone moieties), the 
phenylisopropoxy carbonyl group. These protective groups 
can be readily removed by treatment with 0.2 M 
dichloroace tic acid in dichlorome thane . 

Ill . Subunit Synthesis 

A . Cyclic backbone "oieticc 

Subunits having a deox ydeox y nu cleos ide subunit 
structure (structure A in Figure 3) can be obtained from 
commercial sources or prepared via literature methods, 
as described in Example I. The subunits include the 
follouing ribosides and deoxyribosides , which are 
identified according to the struture numbers of the 
recognition moieties given in Figure 1: adenosine and 
deoxyadenosine (structure 1); 2 , 6-diaminopurine riboside 
and dec :<v riboside (structur^e 2); cytodine and 
deoxy cy todine (structure 3) ; 4-me thoxy-2-py rimidinone 
deoxyriboside (structure 4); 2-hydroxy-S-me thyl 
pyrimidine deoxiriboside (structure 5); 
2-hydroxypy rimidine riboside (structure 6); guanosine 
and deoxy guanos ine (structure 7); inosine and 
deoxyinosine (structure 8); thioguanosine and 
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deoxy thioguanosine (structure 9); uradine and 
deoxyuridine (structure IC) ; thymidine and 
[S-me thy luridine (structure 11;) and 5- .lalouridines and 
5-halodeoxyuridines (structure 12) . 

The 5"-arpino-2' , b ' -dideoxy ribonucleosides 
(structure B in Figure 3) are prepared according to 
methods detailed in Example 3. Briefly, the selected 
deoxy ribonucleosides , base-protected if necessary, are 
reacted ujith triphenyl phosphine, carbon te t rabromide , 
aru" lithium szide to form the corresponding 
5 ' -azidonucleoside , which is then reduced by 
hydrogenation in the presence of a palladium on carbon 
catylyst. The nucleosides may be obtained as in Example 
1, and base-protected as in Example 2. The ,^ 
stereochemistry of the reactant nucleosides is preserved 
in forming the 5' amino nucleoside analogs. 

An alternative reduction method is used in 
reducing the azide group of 5 ' -azido-B-bromo uridine, as 
described in Example 3.2. Here non-catalytic 
hydrogenation is needed to preuen.t removal of the ring 
bromine atom. In forming the S' -amine guanosine 
compound, the azide is placed on the S' position by 
first tosylating the S' hydroxyl group, then displacing 
uiith azide, as detailed in Example 3.2. 

The 3'-amino-2',3'-dideoxyribosnucleosides 
(structure C in Figure 3) are prepared according to 
methods detailed in Example 4. Briefly, thymidine which 
is pr-oLected at its 5' ;*,droxyl is tosylatcd at its 3' 
hydroxyl, and this is followed by an intramolecular 
displacement involving the 2 oxy base substituent. The 
resulting ring is now opened by treatment with azide, 
yielding a 3* azido analog of the correct s tereoisomeric 
form. This analog can be be converted to a 
selected-base analog by reacting the azide compound 



wo S6/05518 



PCT/LS86/00544 



-24- 

buith a selected purine or pyrimidine base. The latter . 
may be base protected, if necessary, for subsequent 
subunit coupling reactions, as described belouj. The 
thymidine or other azide analog is then reduced to 
produce the desired 3' amine nucleoside. The 
stereochemistry is of the thymidine starting material is 
preserved in t^e 3v-t!~i^sis. 

Synthesis of the morpholino-ty pe subunit 
deriuatiues represented by structure D in Figure 3 are 
detr.-led in Example 5 for a variety of different 
recognition moieties . Briefly, a selected nucleoside, 
tiase-pro tected if necessary, is dissolved in an ammonium 
salt, such as ammonium biborate, and then reacted with 
sodium periodate to form transient 2', 3' dialdehydes , 
uuhich then close upon an ammonium ion zo form morpholino 
ring having 2' and 4* hiydroxyls. The compound is then 
treated with sodium cyanoborohydride to remove the ring 
hydroxyls. The ring nitrogen is preferably protected as 
a 2-pheriylisopropy Icarbamate for subsequent subunit 
coupling. The s terochemis try of the nucleoside starting 
material is retained. 

Deoxyribose subunit structures having a 5' 
acetic acid group (structur^e F in Figure 3) can be 
prepared according the general synthetic scheme 
uescribcd in Exarr^ple 6, u'hich details the synthesis of 
the B' acetic acid compounds represented by structure 
F. Here a selected deoxy ribonucleoside which is 
protected at the 3* hydrcxyl is converted to the 5' 
aldehyde, and subsequently treated with a 2-carbon 
Wittig reagent to give the unsaturated acetic acid 
derivative. Reduction of the side-chain olefin gives 
t\\Q desired 5' acetic acid compound. The reaction 
preserves the s terochemis try of the starting nucleoside 
material 
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The analogous 3' formate conpojnd (structure E 
in Figure 3) is formed by treating the aboue 5' 
nucleoside aldehyde with a one-carbon Wr/.tig reagent, 
and hydroslysing the resulting enol to form form the 
corresponding formaldehyde deriuatiue, uuhich is oxidized 
to the desired acid. The reaction preserves the 
stereochemistry of the starting nucleoside material. 

S . Subunlt Synthesis-Picvclic Backbones 

The 5-atom chain amino acid subunit represented 
by Structure I in Figure 4 is prepared according to the 
general procedures outlined in Examples 7-9. Briefly, 
an (S)-5 carboxy pyrrolidone was converted to the 
corresponding s tereochemically pure 

(S)-5-tosylmethyl-2-pyrrolidone by known methods, and 
then reacted with a selected purine or pyrimidine, to 
form the corresponding (S)-5-methylpurine or pyrimidine 
pyrrolidone. The displacement reaction retains the 
original s ter eo s pe c if i c i t y , so that the subunits which 
are formed are homoisomeric at the site of attachment of 
the recognition moiety to the backbone carbon. 

The purine used in subunit synthesis is 
preferably contains an electron-withdrawing group at the 
6 position, to reduce the reactivity of the 1 and 3 ring 
nitrogens, i.e., to minimize pyrrolidone coupling at a 
ring nitrogen. The pyrrolidone-derivized purine or 
pyrimidine may then be converted to the amine 
derivcitive, ar>d base protected; if nere^sary.. prior to 
the ring opening step which will be described below. 
Example 7.1 and 7.2 detail methods for forming the 
cytosine pyrrolidone and its base-protected 
derivative. The adenosine pyrrolidone formed in 
Examples 7.3-7.5 employs 6-chloropurine as the- starting 
inaterial, and the corresponding pyrrolidone is converted 
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to the adenosine deriuatiue through azide formation as 
described. The adenosine is base-protected, as in 
Example 7.6, prior to ring opening. A similar approach 
is used to generate base protected guanine pyrrolidone, 
starting from 2-dmino-6 chloropurine , as described in 
Examples 7.7-7.9. Similar methods are used in 
synthesizing 2 . S-d^ ami. nopurine pyrrolidone, inosine 
pyrrolidone, and 2-hydroxy py rimidine pyrrolidone, also 
as detailed in Example 7. 

The pyrrolidone is then treated a series of 

reactions which cleaue the pyrrolidone ring to form an 
amino acid with a t-BOC protected amine. Examples 8.1- 
8,4 describe the synthesis of such t-BOC amino acids 
hauing one of a number of selected recognition 
moieties. In a final step (Example S) , the t-BOC 
protectiue group may be removed to form the 
corresponding amino acid represented by structure I in 
Figure 4. The amino acid may be used directly for 
subunit coupling, accoruiny to reacticris giuen below. 
Al ternatiuely , the t-BOC protected compound may be 
activated at its acid group for use in subunit coupling 
reactions . 

The strategy for forming the subunit 
represented by structure J in Figure 4 is outlined in 
Examples 10.1 ^nd 10.2, for forming the cytodine and 
uridine analog subunits, respectively. Briefly, in 
forming a pyrimidine type subunit, a 6-mcmber 
heterocycle, such c*? ri pyrimidine or nicotinate, is 
modified to contain h reactive methylene on the carbon 
ring position at which attachment to the backbone is 
desired. As detailed in Example 10.1, the cytosine 
analog is formed by reacting 5-amino-5-bromopy rimidine 
to form the corresponding 5-position carboxaldehy de . In 
Example 12,. the uridine analog is formed by converting 
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6-hydroxy nicotinic esters'to the corresponding benzylic 
alcohols. This compound is conuerted to the aldehyde by 
reaction in th'^ presence of manganese dioxide. 

The aldehyde compound is then reacted with the 
desired amino acids, such as 4-aminobu ty ric acid, with 
reaction at th^' amine group producing an unstable imine 
which is reduced ^^^ fnrrr. the stable amine subunit. The 
secondary amine can be protected, for subunit coupling 
inuolying activation of the acid group, by a tBOC group 
as de.-'rribed in Example 10.1. The base attachment to 
the backbone at a backborte nitrogen, through a methylene 
spacer, insures that the subunits lack chiral centers 
and so cannot be s tereoregular . 

To form the subunit structures shown at K in ». 
Figure 4, the C-carbon backbone analog of the above 
compound is prepared, using 3-aminoproprionic acid, and 
this compound is further treated with nitrous oxide to 
form the corresponding N-nitrcso compound, which is 
subsequently reduced with H^IPd in the presence of 
iron salts to giue the hydrazine acid subunit. 

1 1 . Backbone Coupling Rec:ction s 

The coupling reactions used in forming the 
polymer molecules of the invention are stepwise 
reactions which join one <^RlGcted subunit or subunit 
sequence to another selected subunit or subunit 
sequence. For purposes of the present discussion, the 
coupling reacLions will be described generally with 
respect to coupling a sirigle subunit B-R^ having a 
selected recognition moiety to another single 
subunit B-R2 having the same or a different selected 
recognition moiety R , to form a dimer of the form 
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a B 

Luhere and haue the specific sequence shown. 

A. S ubunit Coiiniir,.-: ti ^ Backbone 

Configurations 

General methods for coupling subunits ha'.'ing a 

fvj^ backbone configuration are illustrated 

in Figures 5A and SB. As uuill be recalled from Section 
I aboue, and are nuclecphilic backbone groups, 
such as hydroxyl and amine groups, which can be 
dctii;ated with an electrophile £, to form an actiuated^ 
N^-E or N^-E backbone group which can then react 

with a second INJ^ type backbone moiety to form 

an i\j^_E-r\j^ rJ^ backbone-linked dimer. 

The subunit backbones of this types which haue been 
described specifically aboue are the cyclic backbone 
structures A-D in Figure 3. In structures A and B, the 
actiuatfed nucleophile is the 3' hydroxyl group in 
structure C is the S' hydroxyl and in structure D, the 
6' position hydroxyl corresponding to the S' position 
hydroxyl in structure C. 

Ifi a preferred coupling method, which is 
illustrated in Figure 5A, a subunit hauing"a selected 
recognition moiety is actiuated with an 
electrophile E. The star at the recognition moiety 
indicates any required base protection. As seen in the 
figure, the selected subunit is protected at its 
nucleophile, to cn:;ure that (a) only the 
nucleophile is activated and (b) the actiuated subunit 
cannot celf-polymerize . In structures A, C, and D in 
Fi'^ure 3, in which the backbone protection group is on 
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the 5' hydroxyl, the protectiue gr-oup is preferably an 
acid-labile group, such as dimethoxy tri ty 1 (DMTO) . 

The activating reagent shown in Figure SA has 
the general form: 

X 

Y — C — Y, where 
X is oxygen or sulfur, and C is an active electrophile 
capable of reacting with a nucleophile, such as a 
h.ydroxyl oxygen or amine nitrogen, uji<-.h displacement of 
Y, to form the activated subunit: 

Activating agents, such as bis-p-nitrophenyl 
carbonate, which give the carbonyl activated subunit 
(X=0), are used in forming carbonate and carbamate 
subunit linkages. Similarly, activating agent, such af 
thiocarbonyl-di-( 1 , 2 , 4-tria2ole) (X=S) are used in 
forming thiocarbamate linkages. 

Subunit activation ^.eactions involving carbonyl 
activated subunits are detailed in Example 11 for the 
5 ' -protect ed , 2' deoxy nucleosides represented at h in 
figure 4; in Example 12 for the 5.' -protected amino 
nucleosides represented at 8 in Figure 4; and in Example 
13 for the N-protected morpholino- ty pe subunits shown at 
D in Figure 4. The general reaction conditions used to 
activate the hydroxyl groups in these structures are 
generally applicable; subunit activation reactions 
involving thiocarbony 1-ac tivated subunits are detailed 
in Example 14 for the 5'-5mino nucleosides represented 
at h: and in Exdinple IS, for the. mnr pholino- ty pe 
subunits shown at D in Figure 3, 

Following the activation reaction, the 
activated complex is purified by conventional methods, 
such as silica gel chromoatography , and then reacted 
with a secona subunit whose selected recognition moiety 
R« will form the next in-sequence recognition moiety 
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in the completed polyner. The coupling reaction is 
preferably carried out under mild conditions in uuhich 
the activated group can react with backbo/ie amine 
groups, but not hydroxyl groups. Therefore, the 
method is suitable for coupling subunits of the type 
represented by structures B-D in Figure 4, but not 
subunit structure ft. ^=in aduantage of this coupling 
method is that the second subunit — which . contains an 
amine nucleophile and a hydroxyl nucleophile 

uiiV. be coupled to the first actiuated subunit only 

through the amine, so it is not r^ocessary 
protect the backbone group. The resulting dimer 
subunits are therefore coupled through an N^-E-N^ 
bond, as indicated in ^he Figure. 

The oligoiner can be extended by repeating the 
aboue steps of (a) actiuati'ng the Free nucleophile 
in the second subunit, separating the acti'^ated species 
from the activating agent, and coupling the actiuated 
compound with the I'.ext-in-so'j^uenc e subunit, whose 
backbone is unprotected. This method is used 
particularly in forming short oligomer blocks by 
solution methods which will be described below and which 
are suitable for solid-phase block assembly. 

For forming a polymer by solid-phase sequential 
subunit addition, the second coupling method outlined in 
Figure 5B is much preferred. The s econd ' method differs 
From the first method in that polymer growth occurs by 
addition oF an excess oF ,=3ctiuated subunit to an 
existing subunit or polymer chain, rather than, as in 
the first method, by addition of an unactiuated subunit 
to an actiuated chain. In Figure 58, the existing 
subunit or subunit chain is shown by a subunit whose 
recognition moiety is (second line in Figure 63). 
This subunit has a Free IM, backbone nucleophile and an 
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.nucleophile which is protected by a preferably 
acid-stable linkage to a solid support or by v^irtue of 
being linked to a chain of subunits ujhich are linked to 
a solid support. Methods of forming cyclic backbone 
subunits ujhich are protected in this manner are 
described generally in Examples 12-15. The first 
subunit (the most ^^cnntly added subunit in a growing 
polymer) is now reacted with an actiuated subunit which 
thereby becomes the next-in-sequence subunit in the 
polvi^er. This actiuated subunit, which is actiuated at 
its ^2 backbone site, and protected at its .N^ cite, 
preferably by an acid-labile protectiue group, is 
pr*epared by methods described aboue with reference to 
Figure 6 . 

As seen in Figure SB, the coupling reaction 

adds the N^-ac tiua ted second subunit to the 

N^-protected first subunit to couple the two through 

W -E-N bond, and form a compound which is 
2 1 

protected at both frc-e backbone nucleophile sites. This 
compound is now treated, for example by reaction with 
acid, to deprotect the acid-labile protectiue group 
on last-added subur.it, and the procedure is repeated to 
build up a desired sequence polymer. 

It can be appreciated from the aboue that the 
N^-actiuated subunit which will form the 
las t-in-sequence subunit must be protected at its 
backbone site, I :> allow selective activation at the 
site and to pro^je^t self-polymerization of the 
actiuated compound. Also the I\J ^-deprotec ted subunit 
which is to couple to the actiuated subunit should be 
protected at its site to allow selective reaction 
of its moiety with the W^-actiuated subunit. 
Therfore, since the reacting subunits are both protected 
at one backbone site,, the niethcd is suitable for 
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coupling nucleosides (structure A in Figure 4) as well 
as subunits whose cyclic backbones contain both amine 
and hydroxyl backbone nucleophiles , sucn as structures 
B-D in this figure. The reaction Jiethods used in 
coupling structure A subunits through a carbonate bond 
are detailed in Example 12, Briefly, a-subunit 
containing d 5' proLected backbone moiety is activated 
at its 3' hydroxyl, and reacted with another subunit (or 
growing chain) which is protected at its 3' hydroxyl. 
The ^.oupling reaction is carried out in the presence of 
a catalyst, sgch as N-me thy ilmidazoie Or 
N,N-dimethylcimir.GpyridiP.e , >Aihich is necessary for 
forming the carbonate bond. For coupling subunits 
containing structure B-D cyclic backbones, where 
intersubunit Cdrbamate or thiocarbamate bonds are 
formed, much milder uncatalyzed coupling conditions, 
such as those described wi^h reference to the first 
method abo^^e, are suitable. 

The advantage of this second coupling method, 
for forming a pclyrner by solid-phase subunit addition, 
is that a substantial molar exess of the activated 
subunit can be added to the growing support-bound 
polymer at each polymer-addition step, to achieve 
subunit coupling to a very high percentage of the 
cupport-bound polymers. This insures that a large 
percentage of the support-bound polymers will contain 
the complete sequence of subunits desired. By contrast 
in the first method, where the growing polymer is 
activated at its last-added subunit, the efficiency of 
subunit addition is limi^ied by the efficiency of the 
activations steps. 

Figure 6 shows the dimeric structures produced 
by coupling the cyclic backbone subunits indicated at 
P-A through D-D in Figure 4. The nucleoside subunits in 
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structure A in the figure are joined by a carbonate 
(Y=0) . In the remaining thiree structures B-D, the 
subunits are joined by carbamate (Y=0y or thiocarbamate 
(Y=S) bonds. As seen from the figure, all of the 
subunit linkages are uncharged and achiral, i.e., do not 
contain chiral centers. In addition, the linkages are 
stable in aqueous medium, as judged by the ability of 
polymers to resist hydrolysis ouer an extended period in 
neutral aqueous solution. 

According to another important feature of the 
inventicr;, the st"^uctures, uihen joined to form polymers 
shouj acceptible Watson/Crick base pairing with 
complementary polynucleotides . 

Finally, according to another important feature 
of the inuention, polymers formed from the subunits are 
s ter-eoregular . This is achieved in the structures shown 
by (a) using natural nucleosides or nucleoside 
deriuatiues or synthetic nucleosides hauing the natural 
s tereoisoi.'ieric configuration as subunits, and (b) 
joining the subunits by achiral intersubunit linkages. 
Exemplary coupling methods ar*e detailed in Examples 
1 1 - 1 S . 

B . Subunit Coupling: IM ^ E Backbone Configurations 

General methods for coupling subunits having an 

£ backbone configuration are illustrated in 

Figures 7A, 73, and 7C . As will be recalled from 
Section I dbove, TvJ^ is a nucleophilic backbone group, 
such as a hydroxyl or amine group, and E is an 
elec trophile , such as a carboxyl or sulfonyl group, 
which, when activated, can react with a second 

E type backbone to form an E-N^ 

E backbone-linked dimer. The subunit backbones of 

this types which haue been described specifically aboue 
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,,3 the cyclic backbone structures E-H in F.gure 3 and 
the acyclic backbone structures I-N in Figure 4. n the 
cyclic structures E and F, the nuclechile is the 
3' hydroxyl group, and in structures C and H, the a..ne 
attached to the 3' nitrogen on the morphollno rin,^ The 
E group in all of the cyclic structures is the carboxyl 
or correspondin, sulfonyl group attached to the 5' 
position of the ribosa ring, or to the ^' position of 
the morpholino ring. In all of the s^ru..- 
Fiof -^ 4. the and E groups are respectively, the 
T "-^ " 1 ... -J -.^^Kr^Ywlic or sulfonic 

^ backbone amine or- hydrazine =inu .... boywiic 

acid groups ori the backbone moiety ends 

The first coupling method, uhich is illustrated 
Figure 7A. is analogous to the method described abo.e 
ujith reference to Figure 5A, uihere a first 
^ N -protected subunit is activated, then coupled 

direc.ly to a backbone-unpFotected subunit uhich forms 
the next-ir.-scuence subunit in the grouping polymer. 
The P protective group on the subunit is 
preferably an acid-labile protective group, such as 
-° t-butoxyc.rbonyl or a clevable linker bound to a solid 
support. Methods for M ^-protecting cyclic backbone 
.tructures are analogous to procedures described above 
For cyclic structures A-0. Similar methods are 
effective to protect the amine nitrogens in the acyclic 
bonebone structures. Alternatively, if t^e polymer is 
to be constructed on a solid phase support, as described 
b.icu.. the backbone site m.ay be protected by its 
attachment to a solid support, uith subunit addition .0 
the growing polymer occuring via the activated E 
'° electrophile of the last-added subunit. 

The activation reaction is designed to yield an 
activated or chain-terminal moiety of the form 
_-E-X. uhere X is as described above with 
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reference to Figure 6, and the actiuated subunit has 
much the same reactiuity toward backbone nucleophilic 
groups as does the dctioated subunit in Lhe previously 
described method. That is, the acriuation is design-sd 
to produce much the same active coupling group as in the 

M iNj^ type backbones, but uhere the reactive 

carbonyl or sulfonyl group is provided by the backbone 
itself rather than by a carbonyl or sulfonyl activating 
reagent, as in the methods shown in Figure 6. 

The activation can be performed readily by 

reacting the 1 type subunit with a carbod'i rriide 

in the presence cf p-ni trophenol , where the backbone 
electrophile is a carbonyl group, or by reacting with a 
carbodiimide in the presence of imidazole, 1,2,4 
triazole or tetrazole, where the backbone is a 
sulfonyl. Subunit activation reactions involving 
carbonyl elec tropnilic groups are detailed in Examples 
16 and 17. The general reaction conditions used to 
activate the W-amino-morphilino and linear chain 
backbone carbonyl groups are generally applicable to the 

other E type backbone structures shown in 

Figures 3 and 4. 

Following the activation reaction, the 
activated complex is purified by conventional methods, 
such as silica chromatography, or, in the case of a 
support-bound activated chain, simply washed, and then 
reacted with a second subunit whose selected recognition 
moiety ^2 -^'-^^^ for?.) the next in-sequence recognition 
moiety in the completed polymer. The coupling reaction 
yields a dimer whose subunits are tlierefore coupled 
through an E-N^ bond, as indicated in the figure. As 
above, both subunits must be suitably base protected 
during the activation and coupling reactions. 
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The polymer can be extended by repeating the 
aboue steps of (a) activating the free E electrophile 
in the second subunit, (b) separating the activated 
species from the activating agent, and (c) coupling the 
activated compound with the nex t-in-sequence subunit, 
uhose backbone is unprotected. 

The aoco.id coupling method, which is 
illustrated in Figure 78, is directly analogous to the 
method described above with respect to Figure SS. Here 
a '-xrst subunit having an E-protected backbone is 
reacted with ^ second subunit with an activ^ated £ group 
and a protected nucleophile, to form a dimer linked 
through an E-N^ bond and protected at both free 
backbone end groups. Where the polymer is being formed 
by solid-phase synthesis, the protective "group" 
takes the form of an acid-stabla linkeage to a solid 
support. The N^-protected subunit is prepared and 
activated as dbove. Coupling conditions generally 
follow those used in the above cyclic sucunit coupling 
reac tions . 

In the third coupling method, shown at Figure 
7C, tht n^-protc'cted and E-unprotec ted subunits (or 
polymer units) are reacted together in the presence of a 
suitable £-activating agent, such as a c ar bodi imide , as 
indicated 

Figure 8 shows the dimeric structures produced 
by coupling the cyclic amd acyclic backbone subunits 
indicated at E-K in Figures 3 and '\ . and indicated at 
E-E through K-K, repsec tively . The nucleosides subunits 
in structure F-F in Figure 3 are joined by an ester 
linkage. In remaining cyclic backbone structure, G-G, 
the subunits are joined through a hydrazid or sulfonyl 
hydrazide linkage. All of the acyclic backbone 
subunits, shown at I-I, J-J and K-K, are linked through 
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amide (E=carbonyl) or sulfonamide (E=sulfonyl) bonds. 
As in the abov^e-di s cus s ed cyclic backbone subunit 
structures, all of the subunit linkages are uncharged 
and achiral, and all of the bonds are reasonably stable 
in aqueous medium, as judged by the known stability of 
ester, hydra:iide and amide linkages in solution. 

According to another important feature of the 
inuention, the structures, ujhen joined to form polymers 
show Watson/Crick base pairing with complementary 
pol.> 'ucleo tides . 

Finally, as with the ivi^ backuone 

subunits described aboue, all of the E backbone 

structures shown are s tereoregul.ar . This is due to (a) 
the homochiral (structures E-H in Figure 3 and I and L 
in Figure ^) or achiral (structures J, K, M, and N in 
Figure 4) nature of the recognition moiety attachment to 
the backbone moiety, and (b) the achiral subunit 
ii nkciy e . 

C . Subunit Coupling: Alternating- Charged and Uncharged 
Achiral Linkages 

In some applications, it may be desirable to 
introduce one or more charged achiral subunit linkages 
in the polymer molecules. The backbone charge may be 
used to enhance polymer solubility in many solution 
applications or to adjust polymer-target binding 
constants, as will be described further below. Polymers 
having regularly spaced charged achiral backbone 
linkages, e.g., between euery second or third subunit, 
are suitable for the nouel diagnostic system which is 
descr'ibed below. For purposes of the present 
discussion, it is assumed that polymeric units composed 
oF two or more subunits which are internally joined by 
achiral uncharged linkages are to be linked by a charged 
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incorporated, either is solution or support-type polymer 



dchiral linkage. These uncharged units are formed by 
one of the methods described in Sections A and B aboue. 

The dimer subunits which are tc be linked are 
selected such that that the free group of one dimer 
cdn be coupled to the free N, group of the other dimer . 
thr^ough a suitable charged achiral linkage. The • 
preferred linkaqe is r* phosphodies ter linkage which 
requires that the free group on one subunit and the 
free group on the other subunit both be hydrcxyls . 
As car be seen in Figure 3, this condition is met if 
dimer-s formed , from either- str'uctur*t; A or structure 3 
subunits, which both haue a free hydroxyl, are f% 
linked to dimers formed from structure A, C, or D 
subunits which all haue a free hydroxyl. 

In a typical coupling method, dimer A, which is 
pr^otected dt its ro^ position, as indicated, is 
carried through a series of reactions which lead to an 
rt^active phcs phoes te>^ coupling species linked to the 
fvJ^ hydroxyl through a phosphors L€:r bond, as indicated 
in Figure 9. The preferred coupling method, which is 
detailed in U.S. patent application for "Polynucleotide 
Assay Reagent and Method", Serial iVJumber 7 12,396, filed 
Mar-ch IS, 193S, ar^d which follows literature methods for 
forming phos phod ie 3 te r bonds between base-protected ^ ' 

nucleosides or nucleoside analogue subunits, inuolues 
formation of a reactiue protected 
N2-(p-chlorophenyl2-cyanoethyl) -phosphate. The 



2 • fUB 
activated dimer i^ then reacted with tb^ second dimer to 

form d hetramer wh.ich is linked alternately by uncharged 



and charged achiral intersubunit linkages. . 
30 '^Wi 
The phosphodies ter linkage method may be 



synUhesis method, accor-ding ho the general procedures -'"^ 



* ■r> '- - 
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outlined aboue for polyner coupling inuoluing achiral. 
but uncharged linkage reactions. 

Although for diagnostic purposes, polymers with 
alternating charged and uncharged achiral bonds may be 
suitable, it is generally preferred in diagnostic and 
particularly therapeutic uses, to introduce as feu 
charged linkayes fi<= are necessary for achieving adequate 
polymer solubili'iy in an aqueous medium. The solubility 
enhancement is genc^rally achieved with 1-3 charged 
backbone linkages per polymer of about 20 subunits, and 
preferably no rncre thaii about one charged linkage \jer 
four subunits. As defined herein, achiral backbone 
linkages are considered substantially uncharged if they 
contain less than about one charge backbone linkage per 
dimeric unit, and preferably one or fewer backbone 
linkage per tetrameric unit. 

Iv . rolymer Targeting Consider?. t^ons 

A . Diagnostic Applications 

An important application of the uncharged or 
substantially uncharged polymers of the invention is in 
a novel solid-support diagnostic system for use in 
determining the presence and/or amount of a 
polynucleotide analyte. T!ie assay system includes a 
solid support reagent composed of a multiple 
polynucleotide-binding polymers which are constructed 
according to the inuention linked to a solid support. 
The polymers are constructed, according to targeting 
strategies detailed below, for binding specifically to 
target polynucleotide analyte at a selected melting 
temperature (T^^) . The sytstem also includes 
polycationic reporter molecules which are designed to 
bind t:o the fully charged analyte backbone, but not the 
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unchar-ged or only partially charged polymer backbone, 
under selected binding conditions. Each reporter 
molecules carries one or more r-eporter groups, and each 
polynucleotide can accomodate binding of typically 
several thousand or moe reporter molecules. Thus the 
system has an ampliication factor, in terms of reporter 
signal per bound enr.lyte molecule, of several orders or 
magnitude. The assay system and its method, of practice 
ar-e more fully described in co-owned U.S. Patent 
applr'.v ation for '* Poly nucleotide Assay Reagent and 
Method" , Serial No. 7 12,396, filed iMarch IS, I9SS. 

The particular merits of using 
sequence-specific polynucleotide binding polymers having 
achiral pr edo.Tiinatly uncharges intersubunit linkages f^or 
diagnostic applications derives from two factors. 
First, their target binding is relatively insensitive to 
salt and so the poly mer/ targe t annealing step c;^n be 
carried out under Icuj salt conditions wherein there is 
no competitive annealing between the target and 
complementary nucleic acid sequences in the solution. 
Second, the polymer's reduced charge or uncharged 
bdcktaone allows use of the above-described reporter 
ffjolecules which are designed at high density to the 
target analyte's polanionic backbone. 

The design considerations applied in preparing 
d polynucleotide binding polymer for use as a diagnostic 
reagent are governed by the nature of the target analyte 
and the reaction conditions under which the analyte is 
to be assayed. As a first consideration, there is 
selected a non-homopolymeric target base sequence 
agairist which the polymer is directed. This target 
sequence is preferably unique to the analyte being 
assayed, i.e., is calculated to occur only with some 
defined small probability (such as 1% or less) in an 
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assay mixture containing a given number of unique- 
sequence bases. The probability of occurrence of a 
given n-base target sequence is approximately \/^ — 
that is, a given n-base target sequence uould be 
expected to occur approximately once in a polymer 
containing 4-" bases. Therefore, the probability P 
that a given n-base sequence uill occur in polynucleo- 
tides containing a total of N unique-sequence bases is 
approximately P=N/4". To illustrate, the probability 

P th^t d 9-base target sequence will be found in a 20 

3 5 

kilobase poly .luclectide is about 20x10 /2xlO or 

0 08, the probability that a 16-base target sequence 

3 9 

ujill be present is about 20x10 /4..3^10 or 
0.0000047. From these calculations, it can be seen th^t 
a polymer having 9-16 recognition moieties specific for 
a defined 9-16 base target sequence should have high 
specificity for the target sequence in an assay mixture 
containing only viral genomes, whose greatest complexi- 
ties corraspcnd to ?ibcut 400K of unique-sequence bases. 

Similar types of calculations show that a 12 to 
16 subunit polymer can provide adequate specificity for 
a viral or bacterial target sequence in an assay mixture 
containing viral and bacterial genomic material only 
(largest genomic sizes about 5,000 kilobases), and that 
a 16 to 22 subunit polymer can provide adequate 
specificity for a target sequence in a poiy nucleotide 
mixture containing mammalian genomic OrOA material 
(genomic sizes of about 5 billion base pairs of 
unique-sequence DtvJA) . 

The polymer/analy te binding affinity, and 
particularly the temperature at which the polymer just 
binds with the target sequence (the melting temperature, 
or Tm) can be selectively varied according to (a) 
polymer length, (b) the number of hydrogen bonds that 
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can be formed betuueen the recognition moieties and the 
correspondirig , in-sequence bases of the analyte target 
sequence, (c) backbone charge density, c.'.d (d) a 
concentration of denaturants, such as formamide, which 
reduces the temperature of melting. From a number of 
studies on model homopolymer duplexes, it is known that 
the melting temperature of oligonucleotide duplexes in 
the 10 to 20 bp range increases roughly 3*^0. per 
additional base pair where the complementary bases are 
capable of for-ming two hydrogen bonds, and about 6*^0 per 
additional bdse pair where the complementary bases are 
capable of forming three hydrogen bonds. Therefore, the 
length of a target sequence, which is initially selected 
to insure high binding specificity with the polymer, m^y 
be extended to achieue a desired melting temperature 
with the complementary-base polymer, under selected 
assay conditions. Also, where the recognition moieties 
us ad in constructing the polymer are the standard 
nucleic acitJ bases, sc illustrated ^boue, the target 
sequence mrty be selected to haue a high per cen tage • of 
guanine plus cytosine bases for achieving a relatively 
high polyiner'/dnal y te fnelting temperature, or a 
r'elatiuely high percentage of adenine plus thymine 
bases, for dchiieuing a relatively low melting 
tetnpp ra tu re . 

The backbone charge density of the polymer must 
be substantially l.-^ss than that of the polynucleotide 
analyte, to allow preferential binding of polycationic 
reporter molecules to the analyte, under conditions 
where reporter binding to the polymer does not occur. 
This requirement is met where the spacing between the 
adjacent negative charges in the polymer backbone is at 
least twice as groat as the spacing between adjacent 
charged phosphodies ter linkages in the analyte. The 
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charge density of the backbone also has an important 
effect on the polymer/analy te melting temperature, 
particularly under low salt conditions, where any 
charge-charge repulsion between the analyte and polymer 
backbones can act to lower the temperature at which the 
two can anneal. In general, therefore, a polymer having 
a less-charged backbone would be expected to show (1) a 
higher analy te/polymer melting temperature and (2) less 
dependence of the melting temperature on salt 
concentration. Based on these considerations, an 
'jnciiarged nnlv/mpr, such as an all-carbamate-linked or 
all amide-linked polymer, will allow the analy te/polymer 
annealing reaction in the diagnostic method to be 
carried out under a wider range of salt-concentrations'* 
than a partially charged polymer, wherein some of the 
linkages constitute achiral but charged phosphodies ter 
linkages. 

3 . Therapeutic Pp pi i cations 

Requirement for Adequate Specificity 

1 ■ Information Requirements 

An ideal therapeutic is one which efficiently 
inactivates a targeted structure unique to the 
pathogenic state, but which does not detrimentally 
affect normal structures in the patient. Thus, 
sequence-specific gene inactivating agents should only 
effect inactiuation of a targeted genetic sequence which 
contains an amount of sequence information adequate to 
assure a high probability of that target sequence being 
unique to the pathogenic state. For example, an agent 
which can effect target inactiuation by binding to only 
three or four contiguous bases of its target sequence 
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ujould invariably also attack many mRNAs required For 

nor-mal cellular functions . In contrast, an agent ujhich 

requir-es binding to 30 or more bases in order to effect 

target inactivation would haue an exceedingly small 

probability of also attacking non-target messengers 

inuolued in normal cellular functions. 

A reaionabie estimation of the desired amount 

of sequence information which a gene-inactivating agent 

should recoqni/e when that agent is targeted against a 

dis .-^c-.se-specif ic mRNA can be calculated as follows. The 

human genome qontains roughly 5 billion base-pairs of 

unique-sequence DNA. Howeuer, essentially all of this 

material exists in the duplex state and so is largely 

unavailable for binding to single-strand-directed 

polynucleotide-binding agent. Thus, polymer binding is 

larqely restricted to RNA transcripts of the genomic 

ONA. Of that genomic DTJA, something on the order of 1% 

is transcribed in any given ceil type. further, whon 

all ceil types in the patient are considered, it is 

unlikely that a composite of more than 4% of the entire 

genome is transcr-ibed in the adult human {i.e., 

pos t-embryogene sis ) . Thus, the sequence complexity of 

all rna sequences inthe adult human is likely to 

constitute no more than about 200 fniiiion bases — and 

probably far fewer. 

For a gene-inactivating agent to have an 

expectation oF recognizing no target sequences in a 

cellular pool of 200 million bases of unique sequence 

qenetLc material, it should recugnize at least n bases 

3 .n 

in its target, where n is calculated as 2 x 10 =4 
- giving a minimal target recognition requirement of 14 
bases. This suggests that a gene-inactivating agent 
recognizing in excessof 14 bases in its target will 
likely have no targets in cellular pools of normal RNA. 
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Obuiously, as the number ob bases recognized in the 
target . sequence increases ouer this ualue, the 
probability that the agent will recognize no inherent 
cellular RNA sequences also increases. It is noteworthy 
that as the number of bases recognized in the target 
increases linearly, this "safety factor" increases 
exponentially. For example, below are tabulated the 
number of bases recognized in a target sequence and the 
corresponding expected nuinber of targets in a pool of 
200 rriTlion bases of unique-sequence single-stranded 
genetic material : 

No. of bases recognized Expected no. of targets 

12.0 
.75 
.047 
.0029 
.00018 

From the aboue one can conclude that for a 
sequence-specific gene-inac tiuating agent destined for 
therapeutic applications, safety considerations probably 
mandate that the agent recognize at least 14, and 
preferably 16 to 20. bases in its target sequence. 

2 . The Concept of a Minimum Inac tiv^a tlon Length (MIL) 

In regard to the amount of sequence information 
actUv-illy "recognised" by a sequence-specific gene-inac- 
tivating agent, a sueful concept in this regard is that 
of a minimum inactiyating length (MIL), which we define 
as the minimum number of contiguous bases of a target 
sequence to which an agent must bind in order- to effect 
gene inactivation in uiuo . Irrespective of whether or 
not the agnet binds a. longer sequence of bases, it is 
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this MIL ualue which determines the number of bases in 
the targer 'Vecognized" by that agent — uuhich, in turn, 
determines the agent's leuel of sequence specificity. 

To illustrate this concept, suppose a 
gene-inactiudting agent has a 16-subunit length but an 
MIL ualue of only 10. Such an agent would be expected 
to inactivate any genetic sequences containing any of 
the component lO-contiguous-bas e target sequences. In a 
cellular pool comprising 200 rnillion bases of 
un j '^ue-sequence single-stranded genetic material, there 
are arj estimated iOGC such tdirget -sequences . Further, 
because the number of basn-pairing moieties in the agent 
is substantially greater than the MIL ualue, the agent 
would also be expected to forma variety of partially , 
mispaired complexes with sequences lacking euen the 
required 10-contiguous-base target sequences — with 
some of those mispaired complexes having sufficient 
stability to effect inactiuation of the participating 
nontar^get genetic sequences. 

In contrast, in the case of an agent 16 
subunits in length and having an MIL value of 16, by 
definition, such an agent cannot inactivate nontarget 
sequences because any partially mispaired complexes with 
nontarget sequences would not have sufficient stability 
to effect gene inactivation only perfect 16-base-pair 
agent/Larget duplexes would have adequate *s tability to 
effect gene inactivation. 

In regard to determining actual MIL values, 
when a series of gene-inac tivation agents, all targeted 
against the same genetic sequence but varying in number 
of subunits, are tested in living cells known to contain 
a functioning single-stranded target sequence, the 
activity of the targeted gene will show a dramatic 
reduction at the subunit length corresponding to the MIL 
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ualue. That is, the MIL »jalue corresponds to that 
number of subunits just sufficient to block the activity 
of the targeted genetic sequence. 

To illustrate further, below is described an 
5 exemplary method for determining the minimum 

inactic;ating length for a poly nucleotide-binding polymer 
hauing any selected backbone linkage type. 

First, prepare a regular series of .binding 
polvmet s havjing the selected backbone type, targeted 
10 agai ..t the region B7 to 80 of the rabbit 0-globin in 
mRNA (5'-GUGCflUCUGUCCAGrGfiGGHGHHG-3' ) , and ranging in 
length from 5 to 24- subunits. Next, following the 
detailed procedures of Slack, Murakimi, and Miller, 
Biochemistry , 24:6132 (1936), add each of these polymecs 
15 t-o a separate portion of a commercial rabbit 
reticulocyte lysate preparation labeled with 
[^^S]-methionine . Thereafter, add rabbit glcbin mRNA 
and incubate 1 hour at 37°C. Work each sample up, 
fractionate by gel electrophoresis, and guantitats the 
20 radioactiuity incorporated in 0-globin as per Blake et 
al, aboue. The minimum inactivating length is that 
minimum polymer subunit length which effects essentially 
complete blockage of new B-globin synthesis. 

It should be reemphasized that this MIL will 
2b wary al Suiall amount depenriing on the targeted sequence, 
but in general this relatively simple extracellular 
method serues to give a quite good approximation of the 
intracellular MIL for any giuen backbone type. Once 
this MIL value has been determined for a selected 
30 backbone type, the methods described below for MIL 

adjustment can be rationally applied for optimizing the 
MIL for a selected target seauence. 
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3 . Tactics fur fldjusting the M.IL 

As a rule, it is often necessary to uary an 
agent's target-binding affinity ouer a substantial range 
in order to ultimately achieue an acceptable MIL value. 
5 To this end, a variety of methods, and combinations 
thereof, can be used for varying the stability of the 
agent/target dupl.^^, iricluding: 

(i) increasing or decreasing the number of 
bas e-pair*ing moieties in the agent; 
10 (ii) selecting a target having a sequence 

providing greater or lesser stacking contributions (see 
Tnoco et al (31) for a detailed analysis of the effects 
of base sequence on duplex s tabili ty ) ; 

(iii) selecting a target sequence containingt a 
IS greater or lesser proportion of strong-binding bases (G 

and C) to weak-binding bases (A and U or T) ; 

(iv) replacing one or more weak-binding 
tjase-pairing rr.oieties luith stronger-binding moieties 
having the same Watson/Crick pairing specificities 

20 (e.g., a 2 , 6-diaminopurine moiety can be used instead of 
adenine to effect a substantially stronger bond to U or 
T in the target sequence; a 5-bromouracil moiety can be 
used instead of U or T to effect a substantially 
stronger bond to a in the target sequence; and a 

2S 5-broiiiocy 'cosine rr.ciety can be used instead of cytosine 
to effect a somewhat stronger bond to G in the target 
sequence); or replacing one or more strong-binding 
base-pairing moieties of the agent with a ujeakRr-bindinq 
moiety having the same W/C pairing specificities (e.g., 

30 a 2-pyrimidinone moiety can be used instead of cytosine 
to effect a substantially weaker bond to G in the target 
sequence; and a 6-t hioguanine or hypoxanthine moiety can 
be used instead of guanine to effect a substantially 
weaker bond to C in the target sequence); and 



wo 86/05518 



PCT/LS86/n0544 



-49- 



(u) selecting a backbone structure so as to 
somewhat inhibit or enhance Watson/Crick pairing to the 

target sequence. 

It should be noted that the first tf-.ree of the 
5 above methods actually comprise target selection 

procedures, while the latter two methods are effected 

during synthesis oT Lho cigents . 

A difficulty with method (i) is that sequence 

specificity requirement generally preclude reduction of 
10 the djent's length to less than about 14 subunits. The 

difficulty with methods (ii) and (iii) is that other 

more critical targeting criteria can so severely limit 

the optimal target region that these two MIL adjustment 

methods haue little latitude in which to r.chieue a 
15 significant effect. Because of these limitations, most 

MIL adjustments are preferably achieved by methods (iu) 

and (u ) . i V 



20 



(J . Polymer Assembly Strategies 



A . Geometric assembly 

After selecting a desired polymer length and 
recognition moiety sequence, according to factors 
considered in Section lU, the polymer is assembled, 

25 using the generdl subunit coupling procedures detailed 
above. One method of polymer assembly involves initial 
preparation of an appropriate set of dimers, linking 
selected dimers to furm tetramers, linking of these to 
form octamers. and so on. This method is carried out in 

30 solution, substantially according to methods described 
with reference to Figures 5A and 7A above. It should be 
noted that all couplings need not necessarily be between 
oligomers of equal size. For example, often it is 
desirable in the last coupling to link a hexadecamer 
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with a tetramer to giwe a 20-mer or to link a 
hexadecamer ujith an octomer to giye a 24-mer. 

A particular merit of this assnmbiy method is 
that each coupling product is roughly tuice the mass of 
5 the precursors and so purification of the product of 
each coupling is a simplified matter. Example 18 below 
details the the assembly of an 8-subunit 
carbamate-linked polymer formed by this method. (b) 

10 8. S tepwise Assembly on a Solid Suppor t 

One ^referr^d mOthcd for polymer synthesis is 
stepwise assembly on a solid support. Here the first 
subunit in the polymer is attached through its 
backbone group to a solid support. Typically, a solid^ 

IS support, such as glass beads deri^atized with cleauable, 
preferably acid-stable, long-chain linkers are employed 
as the support material, and prepared for attachment of 
^2 nucleophile, such as a S' hydroxyl of a nucleoside, 
as descibed in Example 19. The glass beads are reacted 

20 with a subunit which has a preferably acid-labile 
protected group, and an activated or E backbone 
group, as d»:!tailed in Section III aboue. The coupling 
of uarious types of subunits to a glass-bead support is 
described generally in Examples 20-22. 

26 After coupling the second subunit (or polymer 

unit which may be assembled in solution) to the support, g 
any unreacted linker nucleophiles are capped by addition r 
of a suitable r.^spping reagent, such as p-ni tropneny 1 

acetate, and thereafter the support is washed and fi 

30 filtered. The protecting group on the terminal ^- 

. - r 

subunit is remo»jed, typically by acid treatment, and i 
after neutralization, the support is then reacted with 
an excess of the nex t-in-sequence subunit (or polymer 
unit) which is activated at its free backbone 
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moiety. The excess t^f activated subunit maximizes the 
number of support-bound subunits which r»re 
chain-elongated. That is, one feature of the solid 
support assembly method is the need for high coupling 
5 efficiencies at each subunit addition step, and the 

concentration of added activated subunit is selected to 
maximize this efficiency. Chain elongation is continued 
in this manner, ijjith capping of failure sequence, after 
each subunit addition, until the polymer of the desired 

10 lencjt'.i and sequence is achieved. The general method is 
illustrated ip Example 20 for the preparatioo of a 
l^^-subunit carbonate-linked polymer, in Example 21, for 
the synthesis of a 19-subunit carbamate-linked polymcr, 
and in Example 22, for the assembly of a 19--3ubunit ^ 

15 amide-linked polymer. 

After addition of the last-in-sequence subunit, 
the polymer may be capped with a suitable charged or 
uncharged group coupled to the terminal group. If 
the backbone assembly has. been carried out exclusively 

20 with uncharged achiral linkages, -the capping reagent is 
preferably a charged group which imparts an end terminal 
charge to the polymer. After capping the polymer, the 
polymer is cleaved from the support, e.g., by treatment 
with a nucleophile, such as ammonium hydroxide, and the 

25 polymer is purified, such as by anion exchange 

chromatography. These post-assembly operations are 
described in Example 23, for synthesis of a 
carbonate-linked polymer, in Example 25, for synthesis 
of a carbamate -linked polymer, and in Example 27, for 

30 synthesis of an amide-linked polymer. 

For diagnostic applications involving the above 
'•'^lid-support reagent with bound polymer molecules, the 
osser;;bled, purified polymers are attached to a solid 
si'-port, such as a cellulose support by known coupling 
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methods, such as those detailed in Example 20. Examples 
24, 26, and 28 are illustrative . 

The follouiing examples illustrate a variety of 
subunit synthetic schemes, polymer construction methods, 
and applications and compositions made and used 
according to the ino t;rt::ion . The examples are in no way 
intended to. limit the scope of the invention. 

Example 1 

Preparation of ribonucleosides and deoxyriborucleosides 

The following nucleosides are obtained from 
Sigma Chemical Co., St. Louis, MO: deoxyuridine , 
deoxy guanosine , thymidine, deoxy adenosine , 
deoxycytidine, 5- br o mod eoxy uridine , deoxyinosine, 
2 , 6-diamino-9-( 2-d eoxy- B-DT^ery thro-pent of uranosyl)9H-purin 
e (2 , 6-diaminopurine deoxy ribos ide ) , uridine, guanosine, 
5-me thy lurid ine , adenosine, cytidine, 5-bromo uridine , 
inosine. 

2 , 6-Diamino-9-( Q-D-ribof urancsyl)-9H-purine 
(2 , 6-diaminopurine riboside) is obtained from Pfaltz and 
Bauer, Inc., Division of Aceto Chemical Co., Inc., 
Wfiterbury, CT . 

The folloujlng nucleosides are prepared by the 
literature methods indicated: 

l-( 2-Deoxy-B-D-ery thro-pen tof uranos yl ) -2- 
pyrimidinone (2-hydroxypyrimidine cieoxyribosido) is 
prepared by the method of P. Kohler, E. Uolz, U, Sequin, 
and C. Tamm in I'vi-j^^l.^io Acid Chemistry (L.B. Townsend and 
R.S. Tipson, eds) John Wiley and Sons, Inc. (1976). 

l-(2-0eoxy-B-D-ery thro-pen tof uranos yl)-4-methoxy- 
2-pyrimidinone is prepared by the following procedure: 
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1- (3 ' , 5 ' -Di-0-benzoyl-2-deoxy-3-D-ery thro-peritof u 
ranosy". )-^-rnethylthio-2-pyrimidinone (prepared as in D. 
Cech and A. Holy. Collection of Czechoslcu C hem Comm 

( 1977) 42:224-6) Is treated with 200 mL of 0.2M sodium 
methoxide solution. The resulting solution is allowed 
to stand owernight at room temperature. This solution 
is then neutralired u.iL!i Dowex 5CX8 (H+ form) and 
filtered; the residue is dissolved in water. (100 mL) 
extracted with ether (2.50 mL) and the aqueous phase 
eyapjiated. The residue is an amorphous material which 

isused directly in succeeding reactions. 

2- Amino-9-(2-deoxy-B-D-erythro-pentofuranosyl)-l , 

9-dihydro-6H-purine-6-thione (deox y thioguanos ine ) is 
prepared by the procedure of R.H. Iwamoto. E.M. Acton,,, 
and L. Goodman, J Med Chem (1963) 6:68*. 

l_(3_0-Ribof uranosyl)-2-pyrimidinone 

(2-hydroxypyrimidine riboside) is prepared by the 
procedure of U. rJiedballa and H. Uorbruggen, J Org Chem 

( 1974) 39.:3668. 

1- (2-Deoxy-B-D-ribofuranosyl)-4-methoxy-2-pyrimid 

inone (2-hydroxypyrimidine deox y ribos ide ) is prepared by 
the procedure of R. Wightman and D. Holy, Collection of 
c'zechoslou Chem Comm ( 1973 ) 18:138 1. 

2- Amino-9-(0-D-ribof uranosyl)-l , 6-dihydro- 
£H-purine-6-thione ( thioguanosine) is prepared by the 
procedure of J.J. Fox, I. Wempen. A. Hampton and I.L. 
Doerr. J Amer Chem Soc (1958) 80:1669. 

Example 2 

Preparation of Base-Protected Nucl eotides 
Dimethoxytrityl chloride, N-benzoyladenosine , 

N-benzoyl-2 ' -deox y adenosine , N-benzoy Ic y tidine , 

N-benzoyl-2 ' -deoxy cy tidine and 

N-isobutyryl-2 ' -deoxyyuanosine are obtained from Sigma 
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Chemicals, St. Louis, Missouri. 

9-Fluorenylmethoxy carbonyl chloride (FMOC chloride) , 
trime thylchlorosilane , isobutyric anhydride, 
4-nitrobenzoyl chloride and all organic solvents for 
reactions and chromatography are obtained from Aldrich 
Chemical Co., Milwaukee, Wisconsin. Silica Gel is 
obtained from Em Science, Cherry Hill, New Jersey. 



i 



2 . 1 Guanosine 

The N-2 9"fluorenylmethoxy carbonyl deriuatiue y 

is prepared by the procedure beloui which is general for |.t 
the protection of nucleoside amino groups: 

Guanosine (1 mmol) is suspended in pyridine (5 

mL) and treated with ' trime thylchlorosilane (S mmol). v i{ 
15 After the solution is stirred for IS minutes 

L* i 

9-fluorenylmethoxy carbonyl chloride (S mmol) is added p 

and the solution maintained at room temperature for 3 * . j 

hours. The reaction is cooled in an ice bath and water ;-:| 

(1 mL) is added. After stirring for S minutes cone. 1^ 

p.* 

20 ammonia (1 mL) is added and the reaction stirred for 15 y 
minutes. The solution is euaporated to near dryness and ^| 
the residue dissolued in chloroform (10 mL). This |1 
solution is washed i^ith sodium bicarbonate solution (5 

mL, 10%), dried ouer sodium sulfate and euaporated. The irk 
25 residue is coevapcratGd several timps with toluene and 
the product chromatographed on silica gel using a 
gradient of mettianol in methylene chloride (0-50%). 

N-Isobu ty ry Iguanos ine is prepared by Lne method 
of Letsinger and Miller, J Amer Chem Soc (1969) 
30 21:3356. 

N-2 Acetylguenosine is obtained by the method 
of C.B. Reese and R.S, Saffhill, J Chem Soc Perkin Trans 
(1972) 1:2937. 

-it 
4 

I. X 

V'y 
t.x 
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2 . 2 Deoxyquanoslne 

The N-2 9-f luorenylmethoxy carbonyl deri'»atiue 
±2 prepared by the method of J. Heikkla and J. 
Chattopadhyaya , Acta Chem Scand ( 1983) B37 : 253 . 
5 The iM-2 acetyl deriuatiue is obtained from 

Research Plus Inc., Sayonne, N.J. 

2 . 3 Deoxyadenosine 

The iVJ-6 2-(4-nitrophenyl)-ethoxy carbonyl 
IQ deriuatiue i:. prepared by the method of F. Himmelsbach 
and W. Pfleiderer, Tetrahedron Lett (1983) 24:3583. 

N-6 ^-Mi trobenzoyl-2 '-deoxyadenosine is 
prepar-ed using the procedure aboue for FMOC-guanosine 
except that 4-ni t robenzoy 1 chloride is substituted for* 
15 FMOC chloride. 

The N-5 2 - (phenvl?Nlfonyl)-ethoxy carbonyl 
deriuatiue is prepared by the procedure for FMOC 
guanosine except the 2-(phenylsulfonyl)-ethyl 
chlorof orma te (obtained from M. Salgobin, S. Josephson 
20 and 3. Chattopadhyaya, Tetrahedron Lett ( 198 1) 22.: 3667) 
is used as the acylating agent and N-me t hylimidazole or 
pyridine is used as the solvent. 

2 . ^ Adenos ine 

25 The N-fi 2-(4-nitrophenyl)-ethoxy carbonyl 

deriuativo is prepared by the method of F. Himmelsbach 
and W. Pfleiderer, Tetrahedron Lett (1983) 24:3583. 

(VJ-6 4-Ni trobenzoyladenosine is prepared using 
the procecure aboue for FMOC-guanosine except that 

30 4-ni trobenzoyl chloride is substituted for FMOC 
chloride . 

The N-6 2-(phenylsulf onyl)-ethoxycarbonyl 
deriuatiue is prepared by the procedure for FMOC 
guanosine except the 2-(phenylsulf onyl)-ethyl 
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chlcrof ormate (obtained from N. Balgobin, S. Josephson 
and B. Chattopadhyaya Tetrahedron Le^r (1981) 22:3667) 
is used as the acylstinc; a^jent and M-me thy limidazole or 
pyridine is used as the soluent. 

5 

2 . 5 Oeoxycytidine 

The N-4 2-(4-nitrophenyl)-ethoxy carbonyl 
deriuati^e is prepared by the method of F. Himmelsbach 
and W. Pfleiderer, Tetrahedron Lett (1983) 24:3583. 

IQ The N-6 2-(phenylsulfonyl)-ethoxy carbonyl 

deriuatiwe is, prepared by the procedure for FMOC 
guanosine except the 2-(phenylsulf onyl)-ethyl 
chlorof ormate (obtained from N. Balgobin, S. Josephson 
and B. Chattopadhyaya Tetrahedron Lett ( 19 8 1 ) 12 : 3667 )'- 

1^5 is used as the acylating agent and N-me thylimidazole or 
pyridine is used as the soluen':. 

2 . 6 C y tidine 

The Tvi-A 2-( 4- nitrophenyl)-ethoxy carbonyl 
20 deri^atiye is prepared by the method of F. Himmelsbach 

and W, Pfleiderer, T etrahedron Lett (1983) 24:3583. 

The M-6 2 -(phenylsulfonyl) -ethoxy carbonyl 

deriuatiue is prepared by the procedure for FMOC 

guanosine except the 2-(phenylsulfonyl)-ethyl 
25 chic-of orifiaLe (obtaiiied from N. Balgobin, 5. Joseiphson 

and B. Chattopadhyaya Tetrahedron Lett (1981) 12:3667) 

is used as the acylating agent and N-methy limidazole or 

pyridine is used as the soluent. 

30 2.7 2,6-diaminopurine riboside 

The N-2 , N-6-bis (5-f luorenylme thoxy carbonyl) 
deriuatiue of 2 , 6-diaminopurine riboside is prepared by 
the general procedure. 
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The N-2 , M-6-bis ( isobuty ry 1) deriyaiiiue is 
prepared by the general procedure. 

2 . 8 2 , 6-dlaminopurlne-2 '-deoxyrlboside 

The bis N-2 , N-6-( 9-f lucre nylmet ho xy car bony 1 ) 
deriuatiue of 2,6-diaminopurine-2'-deoxyriboside is 
prepared by the ^cn?-.ral procedure. 

2 . 9 Thioquanos ine 

The N-2 9-f luorenylmethoxy carbony 1 deriuatiue 
of th Loguanos ine is prepared Dy the general procedure. 

2 . 10 2'-DeQxvthioquanosine 

The N-2 9-f luoreny Ime thoxy carbonyl deriuatiuev 
of 2 ' -deoxy th ioguanos ine is prepared by the general 
procedure . 

E A g iTi p 1 c 3 

Preparation of 5 ' •-amino-2 ' , 5 -dideoxyribonucleos ide 
subunits . 

Carbon t e trabromide , sodiu;n azide, 
p- toluenesulf onyl chloride (tosyl chloride), triphenyl 
phosphine and 10% palladium on carbon are purchased from 
Aldrirh Chem Co. Lithium azide is obtained from Kodak 
Laboratory and Specialty Chemicals. 

3 . 1 General Method 

The nucleosides employed in this example are 
thymidine, N6-bonzoyl-2'-deoxy adenosine, 
N4-ben2oyl-2' -deoxy cy todine , and 2'-deoxyinosine, 
2-hydroxy-pyrimidine-2'-deoxyriboside and the 
N2-N6-bisisobuty ryl deriuatiue of 2,6-diamino 
purine-2 ' -deoxyriboside (see Example 1). The required 
dried nucleoside (1 mmol) is weighed into a reaction 
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uessel containing triphenyl phosphine (1.01 mrr.ol) and 
lithium azide (5 mmol). After the solids are suspended 
in DN!F, carhnn tetrabromide (1.0 mmol) ii added to the 
uessel. The solution is stirred at room temperature for 
24 n. After quenching the reaction with methanol, the 
solution is evaporated to dryness. The residue is 
chromatographed u.. silica gel eluting with methanol/ 
chloroform mixtures to afford the desired 5.' -azido-2 ' . 
5'-d50xynucleoside. 

The S'-azido nucleoside (1 mmol) is dissolved 
in ethanol. 4iydrogenation in the presence of 10% 
palladium on carbon (catalytic amount) under a hydrogen 
atmosphere (35 psi) occurs ouer 10 h. The solution is 
filtered and evaporation under reduced pressure afford.s 
a crude solid. The solid is purified by trituration 
with the appropriate solvent. 
3 . 2 5 ' -flzidouridine derivativ 

The 5'-a2ido derivative of 5-bromo-2 ' -deoxy 
uridine is prepared via the method described auove. The 
5'-azido-t-bromo-2'-deoxyuridine- (1 mmol) is treated 
with triphenyl phosphine (1.5 mmol) in pyridine at room 
temperature for 2 h. Concentrated ammonia (1 mL) is 
added to the reaction vessel. After 14 h the solvent is 
removed under vacuum. The residue is dissolved in THF 
and this solution is added to hcxsnes . The precipitate 
is collected and the solid triturated with the 
appropriate solvent to afford the 5 ' -amino-5-bromo- 
2 ' -deoxyuridine . 



) 3.5 5'-flzido Quanosine 

An alternate preparation of 
5 ' -amino-2 ' , 5 ' -dideoxyguanosine is to treat the 
protected 2 ' -deoxyguanosine (protected at either the 
N-2-acetyl or the N-2-FM0C derivative) (1 mmol) with 
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tosyl chloride (1.3 mmol) in pyridine at O^C overnight. 
The solution is evaporated to dryness and the residue is 
dissolved in chloroform. The resulting solution is 
washed twice with aqueous sodium bicarbonate ar.d drieH 
5 ooer sodium sulfate. The solvent is evaporated and the 
residue chromatographed on silica gel eluting with 
methanol/chloroform nixtures . The resulting tosylate (i 
mmol) is treated with sodium azide (6 mmol)- in OMF at 
80-100-C for a few h. The solvent is removed by rotovap 
10 a-.' the residue is chromatographed on silica gel eluting 
ujith chloroform/methanol solvent mixtures . The azide is 
reduced to the desired amine using the above procedure. 

Alternate protecting groups for the base 
nitrogens of 2 ' -deoxycy tidine , 2 ' -deoxyadenosine , 
15 2'-deoxygua-,osine, and 2 . 6-diaminopurinedeoxy riboside 
are 2-(phenylsulf onyl)ethoxycarbonyl for 
2'-dsoxycytidine and 2 ' -deoxyadenosine and the use of 
the 9'-fluorenylmethoxycarbonyl (F.MOC) to protect 

2'-deoxyguanosine and 2 , 6-diamiriuHo. ...c ^^^-^^ 

as in Example 2. 



20 



25 



30 



Example 4 

P^n. paration of 3 A^MliPJ^^:., jI^djLde_o v y r i 
subunits . 

Thymidine is transformed to 5 ' -O-acotyl-3 ' - 
azido-2' ,3'-dideoxythymidine and this is' Converted to 
3 •-azido-2' ,3 '-dideoxyadenosine and 3 ' -azido-2 ' . 3 ' - 
dideoxyguancsine via the methods of M. Imazawa and F. _ 
Eckstein J Org Chem (1978) 43:3044. The base moiety ot 
the 3--azidoadenosine is protected as either the benzoyl 
or the 2-(phenylsulfonyl)ethoxycarbonyl derivative (as 
shown in Example 1). N-2 of the 3 ' -azidoguanos ine is 
protected as either the acetyl or FMOC derivative (see 
Example 1). The reduction of these 3'-azido functions 
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to the 3 ' -amino-2 ' /3 ' -dldeoxyrlbonucleosides is 
performed as shouun in Example 3. 

Example S 

5 Preparation of morpholino-type subunits derived from 
ribonucleosides . 

Ammoni'jr. tibcrate, sodium m-periodate, sodium 
cyanoborohydride , uridine, N4-ben2oyl cytidine, and 
N6-ben2oyl adenosine are obtained from Sigma Chemical 

10 Co. N2-isobutyry 1 guanosine is prepared by the general 
method of Letsinger and Miller ( J Amer Chem Soc (1969) 
9_1:33 56). 2-Ph3ny 1-2-propanol and bi 5 ( p-ni t ropheny 1 ) 
carbonate are obtained from Aldrich Chemical Co. 

The morpholino deriuatiue of uridine is ^ 

15 prepared by dissolving 1 mmol of uridine plus 2 mmol of 
ammonium biborate, (^^\) 2^2^7 ' ^ 

water. While stirring in an ice bath protected from 
direct light 1.2 mmol of sodium m-periodate in 5 ml of 
ujater is added. After 90 min, 0.2 ml of 1 , 2-pr opanedi ol 

20 is added and stirring is continued for 10 min at rt. 
Thereafter, while stirring in a ujell-uen tila ted hood, 
0,2S g of sodium cy anoborohy dride dissolved in 3 ml of 
water is added and the mixture stirred for 4 hr at rt. 
Thereafter, the reaction mixture is reduced to an oil 

25 utiuc-r vacuum in a tuarm water bath, resuspended in a 
minimal volume of methanol, layered on a silica gel 
chroma togr-aphy column, and the column eluted with 
meLhanol/l^ trie thy limine . The morpholino product 
elutes from the column as a sharp band moving 

30 sigriif icantly slower than the original ribonucleoside 
and its oxidation products. The morpholino product has 
a UU spectrum essentially identical to the parent 
ribonucleoside, but its mass is lower by 17 daltons 
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(detennined by mass spectral analysis using fast atom 
bombardment activation) . 

The morpholino nitrogen is next protected by 
reacting the product with 2-pheny lisopropy 1 phenyl 
carbonate. The required actiue carbonate is prepared 
and reacted with the morpholino subunit essentially by 
the methods of Sandberg and Ragmarsson (Int J Peptide 
Protein Res (1974) 6:111). Finally, if desired 
(depending on the method to be used for subunit assembly 
into polymers) the hydroxyl at the position 
corresponding .to the original 5' can be activated by 
dissolving the N-protected subunit in a minimal volume 
of dry dimethylf ormamide and adding 2 equivalents of 
bis(p-nitrophenyl)carbonate plus 0.2 equivalent of 
triethylamine, N-me thy limidazole , or N,N-dimethylamino 
pyridine. After 3 h at rt, the reactions mixture is 
reduced in volume under vacuum in a warm water bath. 
The thick syrup is resuspended in a small volume of 
dichloromethane and layered on a silica gel column, 
which is subsequently eluted with a mixture of 
dichloromethane/ether (1:1 by vol) 0.2% in 
M,N-dimethylaniline by volume. With this solvent 
system, the activated product moves substantially slower 
than p-nitrophenol and bis (p-nitrophenyl) carbonate but 
much faster than the unreacted starting material. The 
activated product is readily visualized on silica gel 
TLC plates simply by exposing to ammonia fumes, 
whereupon a yellow ni trophenolate ion is generated 
within one to two minutes. 

Other ribonucleosides (bases protected where 
necessary as in Example 2) are converted to their 
corresponding morpholino derivatives by essentially the 
same methods ~ though varying amounts of methanol must 
be added to effect dissolution of the protected 
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ribonuclGosides before the initial periodate oxidation 
s tep . 

When the mnrpholino-ty pe subunii^s are to be 
coupled yia thiocarbama te linkages, the preferred 
base-protec tiue groups for the common starting 
ribonucleosides are: the phenylsulf onyle thoxy carbonyl 
moiety for cytidine and adenosine and the S-fluorenyl 
me thoxycarbonyl moiety for guanosine. 

Example 6 

Prepar::tion of S -acetic acid-2 ' . S ' -dideox yribonucleo - 

£ ide subunits . 

Trie thy 1 amine . pyridine/sulfur tri oxide 
complex, p-nitrophenol, dicy clohexylcarbodiimide , and t 
40% aqueous dime thylamine are obtained from Aldrich, 

3 ' -0- te r t -8u t y Id ime thy lsilyl--.M-2-( phenylsulf on yl) 

ethoxycarbonylad'i^nosine (1 mmol) , prepared as in txample 
12.1. is dissolved in m.ethylene chloride and 
dimethylsulf oxide (10 ml, .1/1, v/u) at O^C and 
triethylamine (3 mmbl) and the pyridine/sulfur trioxide 
complex (3 mmol) is added. The mixture is stirred at 
this temperature for 1 h, then washed with water, dried 
ouer sodium sulfate, and euaporated under reduced 
pressure. The residue is dissolved in dry pyridine (10 
m L ) and treated with 

benzyloxycarbonylmethylenetriphenlyphosphorane (1.5 
mmol) for 24 h at 37'=»C, The mixture is then euaporated 
to dryness under reduced pressure and the residue 
dissolved in methylene chloride, washed with dilute HCl 
and water, then the organic phases are dried ouer sodium 
sulfate and solvent removed under reduced pressure. The 
residue is chroma tographed on silica using a gradient of 
methanol in chloroform (0-20%) . 
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The unsaturated ester (1 mmol) from the 
previous paragraph is dissolved in ethyl ace tate/ethanol 
(40 inL, 1/1, u/u) containing cy clohexadiene (S mL) and 
10% palladium on charcoal (ICQ mg) dnu the jucpension is 
uigorously agitated under a nitrogen atmosphere For 5-24 
h. The mixture is filtered and the soluents removed 
under reduced pressure. The residue is chromatographed 
on silica gel using a gradient of methanol in chloroform 
(5-50%). 

To a 0.2-0.5 M solution of the acid from the 
previous paragraph in ethyl acetate (or methylene 
chloride) p-ni t roche nol is added in about 20% excess. 
The calculated amount of dicy clohexy Icarbodiimide is 
added to the solution at 0°C. After 0.5 h the mixture, 
is allowed to come to room temperature and ujas held 
there for 1 h. The dicy clohexylurea which separated is 
filtered and washed with solvent. The combined filtrate 
and washings are evaporated to dryness under reduced 
pressure. The ester may be used directly for coupling 
reactions or may be purified by short column 
chromatography on silica using an isopropanol in 
chloroform gradient (0-507o) . 

The analogous series of reactions may be 
^carried cut on the other properly protected 
2 '-deoxynucleosides . 

The active --L^r (I rrirzol) is treated with 40% 
aqueous dime thy lamine (2 mmol) in methanol to form the 
rj , rj-dime thylamide of the N-protected 3 ' -0-ter t-bu ty 1 
dimethylsilyl-2 ' , 5 ' -dideoxyadenosine-5 ' -ace tic acid. 
The solvents are removed by evaporation under reduced 
pressure and the re'iidue is desilylated by using the 2M 
HF/IM tert-bu tylammonium fluoride (TBAF) reagent 
described in B.L. Gaffney and R.A. Jones, Tetrahedron 
Lett (1982) 21:2257. To the 2M HF/IM ter t-buty lammonium 
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fluoride in pyridine (1 mmol of TBAF) is addod the 
deprotected nucleoside from the previous paragraph. 
After stirring for 24 h the reaction is partitioned 
betuieen methylene and aqueous sodium bicaruO.*..it? . The 
organic layer is washed with water, dried ouer sodium 
sulfate, and euaporated to dryness. The residue is 
purified by chroma toor^ohy on silica using a gradient of 
methanol in methylene chloride (5-25%). 

Example 7 

Preparation of Purine and Pvrimidine Pvrrolidones 



Potassium t-butoxide. anisoyl chloride, 
6-chlGropurine , 10% palladium on charcoal, phthaloyl 
chloride, 2-amino-6-chloropur ine , 20% aqueous 
te traethylammonium hydroxide, 25% aqueous 
t rime thy lamine , 2-pyrimidinone, (\J-bromosuccinimide, 
trif luoroace tic acid, 4-ni trophenol , and 
N , N-disucciniinydyl carbonate are obtained^ from Aldrich. 
Lithium azide is obtained from Eastman Kodak, Rochester, 
New York. C18 reuerse phase silica gel is obtained from 
Whatman, Hillsboro, Oregon. 

7.1 Preparation of ( S)-5-r ( 4-ami no-2-oxopv r imidi n y 1 ) - 
methyll-pyrrolidone (henceforth referred to as the 
cytosine pyrrolidone) 

Cytosine (2.2 mmol) is dissolued in dimethyl 
sulfoxide (2 niL) which contained potassium ter t-bu toxide 
(2 mmol). This solution is added to ^ flask which 
contained ( S ) -5- ( tos y lox yme thy 1 ) -2-py r rolido ne (1 mmol, 
prepared by the procedure of E. Hardegger and H. Ott, 
Helu Chim Acta (1955) 18:312). After dissolution, the 
mixture is stirred at 25°C for 6 h. The mixture is 
neutralized with acetic acid (2 mmol) and e^-aporated 
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under reduced pressure. The residue is taken up -in 
dimethyl formamide (S ml) and euaporated under reduced 
pressure, and this procedure repeated three times. 

7 . 2 Preparation of N-^ anisovlc v tosine pvrrolidone 

The mixture from the preuious paragraph is 
dissol'jed in pyridine? or N-me thylimidazole (10 mL) and 
treated with anisoyl chloride (2.8 mmol) at room 
temperature. After stirring for 2 h, the mixture is 
quenched with ice (0.5 g). After 5 min, L mL of 29% 
ammonia was added. After 16 min at rt the solution is 
dissolved in ethyl acetate (15 mL) and washed twice with 
brine (15 mL) . The washings are combined and washed 
with ethyl acetate (2 x 30 mL) , the combined organic v 
layers dried with sodium sulfate and evaporated under 
reduced pressure. The residue is coeuaporated seueral 
times with toluene and th'e residue chromatographed on 
silicd gel with a gradient of methanol in methylene 
chloride (0-20%) . 

7 . 3 Preparation of 6-chloropurine pyrrolidone 

This compound is prepared as for the alkylation 
of cytcsine except that the alkylation is per^o'-med on 
6-chloropurine and tlie mixture was heated at 35-^5*^0 for 
seueral h. The mixture is cooled to room temperature, 
neutralized with acetic acid (2 mmol) and euaporated 
under reduced pressure, shaken with a mixture of 20% 
me thdnol/chiorof orm and 10% sodium bicarbonate. The 
aqueous layer is washed with chloroform, the combined 
organic layers aree d'^ied ouer sodium sulfate and 
evaporated under reduced pressure. The residue is - 
chromatographed on silica gel using a gradient of 
methanol in chloroform (0-25%) . 
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7 . a Pj;^epa ration of o-azidopurine pyrrolidcne 

The 6-chloropi:rine pyrrolidone (1 mmoi) is 
treated with lithium azide (2 mmol) in dimethyl 
sulfoxide (2 mL) at iO-lOO'C for seuersl h. the end 

of this time the mixture is euaporated under reduced 
pressure, dissolved in chloroform, washed with 10% 
sodium bicarbonate, and the organic layer dried o^er 
sodium sulfate and concentrated under reduced pressure. 
The residue is chroma tographed on silica using a 
gradient of methanol in chloroform (0-25%) . 

7 . 5 Prep aration of adenosine pyrrolidone 

The azide from the previous example is 
hydr-ogena ted by shaking the azide (1 mmol) with 30 
pounds of hydrogen pressure in a solution of ethanol (10 
KiL) containing palladiuui on charcoal (100 mg , 10% by 
weight Pd) for 24 h. The solution is filtered through 
celite cind the soluent euaporated. The residue is used 
directly for the next step. 

7 . 6 Preparation of M-6 phthaloyladenosine pvrrolidonp 

The phthaloyl group is introduced at the 1M--6 
position by the acylation of the adenosine pyrrolidone 
(1 mmol) with phthaloyl chloride (1.4 mmol)- using the 
procedure ahnue for the anisoylation of cytidine except 
that no ammonia was added in the workup. 



7 . 7 Preparation of 2-amino-6- ch lcropur ine pyrrolidone 
The pyrrolidone tosylate is alkylated with 
30 2-amino-6-chloropurine as per the preparation of the. 
6-chloropurine deriuatiue. 
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7 . 8 Preparation of guanine pyrrolidone 

The chloropurine pyrrolidone (1 mmol) from the 
previous paragraph is dissolved in diglyme (10 mL) and 
25% aqueous trime thy lamine (2 mL) . The solution is 
stirred at rt for S h, ujater (10 mL) is added, and the 
mixt'irs concentrated to 10 mL under reduced pressure. 
Acetic acid (2 mu) is added, and the mixture was 
evaporated under reduced pressure to an oil. The 
residue uihich contains te trae thy lammonium acetate is 
used directly for the next step. 

7 . 9 Preparation of ace tylouanine pyrrolidone 

Guanine pyrrolidone (1 mmol) from the previous 
paragraph is reacted with acetic anhydride (5 mL) at 
reflux for 2 h. The solvent is evaporated and the 
residue coevaporated with dime thy If ormamide . The 
residue is dissolved in methanol (S mL) saturated with 
ammonia at 0«C, and the solution is stirred for 2 h at 
this temperature. The solvent is evaporated under 
reduced pressure and the residue • purified by 
chromatography on a short column of silica using a 
gradient of methanol in chloroform (5-50%) . 

7.10 Preparation of 2-amino-6-azidopur ine pyrrolidone 

This compound is prepared from the 
2-amino-6-chloropurine pyrrolidone by use'of the 
procedure of Example 7.0-, except that the reaction 
requires longer times and was performed at a higher 
temper'a ture . 

7.11 Preparation of 2 , 6-diamino purine pyrrolidone. 

This compound is prepared as for the adenosine 
pyrrolidone by reduction of the 2-amino-6-a2ido 
derivative. 
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7.12 Prepdration of M-2 acetyl N-6 phhhaloyl 2.6-diamino 

purine pyrrolidone 

The acetyl group is introduced by the method 
aboue For N-2 ace tylguanine pyrrolidone except that the 
methanolic ammonia treatment is carried out for 8 h. 
The solvents are evaporated and the residue is 
phthaloylat^d as ror the adenosine deriuatiue. 

7.13 Preparation of inosine pyrrolidone 

6-Chloropurine pyrrolidone (1 mmol) was 
converted to the inosine deriuatik'e by the method used 
for the preparation of the guanine pyrrolidone 
derivjatiue. The compound is purified by chromatography 
on silica using a gradient of methanol in chloroform 
(5-25%) . 

7.14 Preparation of 2-hydrox ypyrimidine pyrrolidone 

This compound is obtained bv the alkylation of 
2-pyrimidinone by the procedure used for the preparation 
of the 6-chlorcpurine der-iuatiue. 

Example 8 

P reparation of Pu rine dnd P yrimidine T-BOC Amino fields 

The gcr^cral procpHtjre described below for the 
cytosine pyrrolidone may be applied to all properly 
protected pyrrolidone deriuatiues . The product, 
referred to as the t-BOC acid is formed by cleauaqe of 
the pyrrolidone ring to an acid and a t-BOC amine. 

8 . 1 Preparation of the cytosine t-BOC acid 

fg-/V-Anisoylcy tosine pyrrolidone (1 mmol) is 
dissolved in methylene chloride (0.5 M solution) 
containing di-tert-bu ty 1 dicarbonate (2 mmol). 
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triethylamine (1 mmol), and dimethy laminopy ridine (1 
mmol). The solution is stirred for 10 h at rt. The 
uolatiles are removed and the residue purified on silica 
using a gradient of methanol in chloroform (C-20%) . The 
residue is dissolued in tetrahydrof uran (0.2 M solution) 
to ujhich is then added lithium hydroxide ( 3 mmol, as a 
1 M solution). nftcr 5 h at rt, the solution is 
neutralized by the addition of 10% acetic acid (3 mmol) 
and the solvents removed under reduced pressure. The 
r-esidue was dissolved in 9N. aiiunonia and stirred at room 
temperature for 1-10 h. The solvent is removed under 
reduced pressure and the residue purified by 
chromatography on C18 reverse phase silica gel using 
water and methanol (or tr if luoroethanol ) mixtures. 

8 . 2 Preparation of uracil t-BGC acid 

This is prepared from the cytosine t-80C acid 
by the following procedure: 

The cytosine t-BOC acid (1 mmol) is dissolved 
in aqueous acetic acid and treated with sodium nitrite 
(1 mmol) at 4°C. The mixture is stirred for 1 h and 
evaporated to dr-yness under reduced pressure. The 
pr-oduct is purified by chromatography in CIS reverse 
phase silica gel using water and methanol (or 
trif iuoroetl'ianol) mixtures . 

8 . 3 Preparation of S-bromouracil t-BOC acid 

This compound is obtained from the uracil t-80C 
acid by the following procedure: 

The uracil t-BOC acid (1 mmol) is dissolved in 
DMF (3 imL) and treated with N-bromosuc cinirnide (1.2 
inmol). The solution is allowed to stand at room 
temperature for 16 h. After removal of the solvents 
under reduced pressure the product is purified by 
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chroma tography on C18 reuerse phase silica gel using 
water and methanol (or tr if luoroe thanol ) mixtures. 

8 . 4 Preparation of N-protected t-BOC rcid 
5 This general procedure for acylating the 

exocv/clic amino groups of the recognition moiety is f.'iso 
applicable to Llie prou^ction of the adenosine deriuatiue . 

The cytosine t-BOC acid (1 mmol) from tho 
previous paragraph is dissolued in N-me thy limidazole or 

10 pyridine (5 ml) and treated ujith chlorotrime thylsilane 
(5 rnrr.ol) . After 15 min at room temperature the solution 
is treated with 2-(4-ni trophenyl) ethylchlorof ormate (3 
mmol, obtained from F. Hiinmels bac h and W. Pfleiderer, 
Tetrahedron Leti: ( 1983 ) 24:3 58 3 ). The reaction iss 

15 maintained at room temperatur-e for 3 h, then cooled in 
an ice bath, and uuater (1 ml) was added. After 5 min, 1 
inL of concentrated ammonia is added and the mixture 
stirred at rt for 15 min. The reaction is then 
evjdporated to dryness and the r^esidue dissolued in 

20 water. The solution is made acidic with 2 M HCl and 
extracted with chloroform. The combined organic 
extracts are dried o^.er sodiurn sulfate and e'^aporated 
under r-educed pr-essur*e. The residue is purified by 
chromatography on silica using a gradient of methanol in 

25 chloroform (5-50%). 

For protection of the guanine and 
2, 5-diaminopurine der'iua tiues , the aboue procedure was 
m if ied so that the r-eaction wos carried out in 
pyr-idine and the acylating agent was 9-fluorenyl methyl 

30 chlorof orma te . 
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Example 9 

Preparation of Purine and Pyrirnidine ftmino Acids 

The folloujing procedure is applicable to all 
5 the deriuatiues. It removes the t-QOC group and frees 
the primary amino group of the backbone. 

The t-BOC acid (1 mmol) was dissolued in 20% 
trif luoroc.cetic acid in methylene chloride (5 ml) and 
stirred at rt for 30 min. Toluene (3 ml) is added and 
0 the solvents are euaporated under reduced pressure to 
giue the amine acid trif luoroace tate salt. This is used 
directly for coupling reactions. 

»^ 

^ Exam.ple 10 

Preparation of Subunits for Assembly 
of Achiral Acyclic Polynucle otide Analogs 

.10 . 1 Preparation of the Cytidine Analog 

Lithium borohydride. di-tert-bu ty 1 dicarbonate 
and bis ( triphenylphosphine) palladium II chloride were 
obtained from Aldrich Chemical Co., Milwaukee, WI . 
2-Ainino-5-bromopy rimidine is prepared as per T. 
Nisfiikawa, Chem. Pharm. Dull , 9:38 ( 196 1). 

2r 2-amino-5-bromopyrimidine is benzoylated at the 

exocyclic amino group by the general method in Example 2 
using benzoyl chloride. The product benzamide (2S 
mmole) is added to a 45 ml pressure uessel containing 
trie thylamine (10 mL) , benzene (10 mL) , and 

30 bis(triphenylphosFhine) palladium II chloride (0.37S 
mmole). The bomb is flushed with argon, sealed, and 
pressurized to 600 psi with carbon monoxide and then 
pressurized to 1200 psi with hydrogen. The reaction 
uessel is heated in an oil bath with stirring at 14S'^C. 
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after all gas absorption had ceased, the reaction is 
cooled, and the gases rented slouly. After addition of 
rinhydrous ether, the reaction mixture is filtered and 
evaporated in uacuo. The product uias isolated follouiny 
chromatography in silica gel using a gradient of 
isopropanol in methylene chloride (0-20%). 

The 2-bor:-i.T.idopyriniidine-5-carboxaldehyde ( 1 
mmol) from the previous paragraph is dissolved in 
ethanol (B ml) and treated uaith 4-aminobuty ric acid (1 
mmole) and triethy lamine (1 mmol). After stirring for 
one hour, the. mixture is- hydrogenated at 30 psi using 
10% palladium on carbon (100 mg). After the absorption 
of hydrogen has ceased, the reaction is filtered and the 
solvents removed under reduced pressure. The residue ^j.s 
dissolved in methanol which is saturated with ammonia at 
0°C and stirred at room temperature for 10 h. After 
evapoaration of the solvents, the residue iss purified 
by chromatography on CIS si'4ica gel using methanol ujater 
mixtures buffered to pH 7 ujith ammonium acetate (0.2 M) . 

The amino acid (1 mmol) from the previous 
paragraph is dissolved in ethanol (3 ml) containing 
di-tert-butyl dicarbonate (1 upnol). Trie thylamine (l.S 
mmol) is added slowly at room temperature. After the 
evolution of carbon dioxide has ceased, the solvents are 
removed in vacuo and the residue used directly for the 
next reaction. 

The t-BOC-amino acid from the previous 
paragraph is acylated on the exocyclic amino group by 
the general procedure in Example 2 using 

2-(phenylsulfonyl)-ethoxycarbonyl chloride. The product 
may be purified by chromatography on silica gel using a 
gradient of methanol in chloroform (0-50%) . 

The 2-(phenylSulfonyl)-ethoxy carbonyl-protected 

30C amino acid from the pr'evious paragraph u;as converted 
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into the p-ni tropheny 1 or N-hydroxy succinimidoy 1 actiue 
ester by the procedures in Examples 11.3 and 11.4. 

10.2. Preparation of the Uridine Analog 

Ethyl 6-hydroxy nicotinate is prepared as per H. 
Gault, J. Gilbert, and 0. Sriaucourt, C . R . ftcad . Sci . , 
Paris, Ser. C, 266 :131 (1503). Lithium borohydride is 
obtained f rom * Aldrich . Manganese dioxide is prepared as 
per Uereshchagin et a.l. Zhurnal Arganic hes koi Khimil , 
8:1129 (1972). Douex resin is obtained from Bio-Rad 
Laboratories, ^Richmond, CA . 

Ethyl 6-hydrcxy nicotinate (^9 mmole) in 
te trahydrof uran (10 mL) is added dropwise to a 
suspension of lithium borohydride (100 mmol) in t 
tetrahydrof uran (THF) (75mL0 at room temperature under 
nitrogen. The uiscous mixture is stirred at 25^C for 16 
hours. Then, 60 mL of 20% acetic acid is added to the 
cooled suspension. The THF is euaporated under reduced 
pressure and the remaining aqueous solution is applied 
to an ion exchange column (Doujex-50W-X8 ) to remoue 
lithium ion. The column is washed carefully uith 250 mL 
of water, which is then euaporated. Boric acid is 
removed from the resulting residue by repeated 
evaporation uiith methanol. The product is purified by 
distillation under reduced pressure. 

The benzylic alcohol (66 mmol) prepared in the 
previous paragraph is dissolved in ether (250 mL) and 
treated slowly (exothermic) with a slurry of manganese 
dioxide (54 g) in ether (100 mL) . After twelve hours at 
room temperature, the mixture is filtered, th^ solvent 
removed under reduced pressure, and the residue 
distilled in vacuo to give 6-hydroxy nico tinaldehyde . 
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The aldehyde from the previous paragraph is 
reacted with 4-amino butyric acid as for the preparation 
of the cytidine analog in Example 11. 1 

The amino acid from the previous paragraph •j.'as 
5 converted to the corresponding BOC-deriua tiv^e as for the 
preparation of the cytidine analog in Example 10.1 

The BOC-^T^lno acid from the previous paragraph 
iss converted into the p-ni tropheny 1 or 

N-hydroxy succiniinidoy 1 active ester by the procedures in 
10 Example 11.3 and 11.4. 

Example 11 

Preparation of 5 ' -pro tec ted , 3'-activated 

2 ' -deoxynucleo- s ides . ^ 

15 

11.1 2 *-deoxvnucleoside 5' -O-dimethoxytri tyl 
derivatives 

The procedure belouj is general for the 
preparation of 2 '-deoxy nucleoside 5' -O-dimethoxytri tyl 

20 derivatives : ' 

!\J-2 9-Fluorenylmethoxy car bony 1-2 ' 
deox yguanos ine (1 mmol) is dissolved in anhydrous 
pyridine (2,0 ml) and kept at 0°C. Dimethcx y tri ty 1 
chlor*id6 (1.2 ininol) is added in portions (0.15 mmol) 

2S during an 3 hour period. After an additional 2 hours 
meth.anol (0.5 inL) uias added and the solution is 
concentrated at reduced pressure. The residue is 
treated with a mi;^ture of sodium bicarbcnata (2 mL, 5%) 
and methylene chloride (5 ml), 

30 The aqueous layer is extracted with methylene 

chloride (2x5 mL) and the combined organic layers are 
dried over sodium sulfate and evaporated. The residue 
is coevaporated several times with toluene and the 
product is purified by chromatography on silica gel 
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using d gradient of methanol in methylene chloride 
(0-10%) . 



m 

: y if 



i 1 . 2 5 ' -O-dimethoxy trltvl"2 '-deoxynucleoslde 
3 ' -Q-( 4- nitro phenyl) carbonates. 



The preparation of 5 * -O-dimethoxy tri tyl-2 
-deoxycytidine 3' -0-( 4-rii tropheny 1 ) carbonates is 
described in the following procedure which is general 
for the preparation of the 4-ni trophenylcarbonates . Bis 

10 (4.-nitrophenyl)carbonate and N, N-dime thylaminopy ridine 
are obtained from Sigma. 

5 ' 0-Dimethoxy trityl-N-2- (4— nit ro phenyl )- 
ethoxy cdrbonyl-2 * -deoxycytidine (1 mmol) is dissolved in 
anhydrous dimethylf ormamide (5 mL) at room temperature*^ 

15 and treated uith bis (4-nitrophenyl) carbonate (2 mmol) 

and then evaporated under reduced pressure. The residue 
is dissolved in dime thy If ormamide (5 mL) and 

N , N-dimethylaminopy ridine (0.1 mmol) is added. The |:^? 
yellouj solution is evaporated and allowed to react for 1 | 
20 h. The reaction mixture is dissolved in chloroform (10 

ml) and washed with aqueous HCl (5 ml, 0.1 M) . The .^^^ 
organic layer is washed twice with aqueous NaOH (5 mL, &t 
O.i M) , water (2 mL) , dried over sodium sulfate and 



evaporated. The residue is applied to a silica gel 
25 colu::;n zr.d eli.'ted ujith a gradient of isopropanol in gte"? 



chloroform (0-10%) . The fractions containing the 
product are pooled, evaporated, dissolved in chloroform 
(10 mL) and the aqueous NaOH washes are repeated to 
remove traces of «l-ni trophenol . The organic layer is 
30 washed with water, dried over sodium sulfate and 

evaporated. The product is homogeneous by TLC and is 
used directly for preparation of the dimeric 
carbonates . 



m 
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For the preparations of the carbonates of 
nucleosides containing the FMOC group, it is sometimes 
^Hu^Mi-agGous to use N-me thvlimidazole as the ':atalyst 
rather than M^N-dimethylaminopyridine . 

11.3 M-protected L-ooC p-ni trophenyl ester 

The follotjing tujo procedures prepare actiue 
sstL-rs for- coupling of subunits. It is general for all 
the t-BOC acid derioatiues. 

To a 0.2-C.5 M solution of the t-BOC acid from 
Example 8.4 in ethyl acetate (or methylene chloride), 
p-nitrophenol is added in about 20% excess. The 
calculated amount of dicy clohexylcarbodiimide is added'- 
to the solution at O^C. After 0.5 h the mixture is 
dllouied to come to rt and was held there for 1 h. The 
dicyclohexylurea which separated is filtered and washed 
with soluent. The combined filtrate and washings are 
euaporated to dryness under reduced pressure. The ester 
may be used directly for coupling- reactions or may be 
purified by short column chromatography on silica using 
an isopropanol-in-chloroFor'in gr*adient (0-50%) . 

1 i . 4 i\J-prQtected t-BOC N-hvdroxysuccinimidovl ester 

To a solution of the t-BOC acid from Example 
8.4 (1 mmol) in acetonitrile (5 mL) is added pyridine (1 
minol) and N . M ' -d i s u c c i n iiiiid y 1 carbonate (1 mmol). The 
solution ia stirred at rt for 5 h. The bolv.ents are 
remoued under r-educed pressure and the residue dissolued 
in chloroform, the organic phase washed with 0.1 M HCl 
and water, dried ouer sodium sulfate, and euaporated to 
dryness. The esters are sufficiently pure to be used 
directly . 
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Example 12 

Formation of a carbonate intersubunlt linkage. 
The preparation of cy tidinyl-(3 ' -5 ' )-cy tidine 
carbonate is described in the procedures below. inis is 
a general procedure for the formation of the carbonate 
intarsubunit linkage and the deprotection of the 
oligocarbonate . N'otc that the base protecting groups 
must be 2- ( 4-ni trophenyl ) ethoxy carbony 1 , 2-(phenyl 
sulfonyDethoxycarbonyl, or FMOC . Tert-butyl 
dimethylsilyl chloride is obtained From ftldrich, 

12.1 Preparation of 2 ' -deoxynucleoside 3 ' -0-ter t- bu tyldi- 
methvlsilvl derivatiues. 

The preparation of 3' -0-ter t-uuty ldi^^ethylsil5l- 
^j-2-(4-^itrophenyl)et^^oxycarbo^yl-2 ' -deoxycy tidine is 
described in the following procedure uhich is a general 
procedure for the preparation of 2 ' -deoxy nucleoside-3 ' - 
0-ter t-bu tyldimethylsily 1 deriuatiues: 

To a stirred solution of 5 ' -0-dimethoxy trityl- 
( 4-ni t rophe ny 1 )-et ho X year bony 1-2 '-deoxycytidine 
(1 mmol) and imidazole (3.S mmol) in dry 
dimethylf ormamide or te trahydrof uran (10 mL) is added 
dropuise a solution of tert-butyldime thylsilyl chloride 
(3 mmol) in dry DMF (10 ml). The reaction is stirred 
For I h, quenched with ice, extracted with methylene 
chloride, washed with water and dried ooer sodium 
sulFate. The organic layer is euaporated to dryness 
under reduced pressure and purified by chromatography 
ouer silica gel with methylene chloride as eluant. 

To a solution oF the B ' -0-dimethoxy trityl 
ceriuatiue from the previous paragraph (1 mmol) in 
methylene chloride (5 mmol) is added a solution of zinc 
bromide in methylene chloride (10 mL, 1 M) containing 
methanol (15 % u/u). The reaction mixture is stirred 
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for 30 niin, quenched with ice, and extracted with 

methylene chloride. The organic layer is washed with 

water, dried over sodium sulfate, and evaporated to 

dryness under reduced pressure. ine prouuCt ic p'j!-.-T9d 

5 by chromatography ouer silica gel using 3 gradient c" 

methanol in methylene chloride (0-10%). 

5'-0-r)lmf<thoxytrityl-N-2-(4-nitrophenyl)ethoxy 

carbonyl-2'-deoxycytidiMe-3'-0-(4-nitrophenyl) carbonate 
(1.5 mmol) and 3 ' -0-tert-butyldimethylsilyl-N-4-(4- 
10 nitrophenyl)ethoxycarbanyl-2'-deoy.ycytidine (I mmol) are 
dissolved in dimethylformamide (5 mL) and the solvent 
r-emovod under reduced pressure. This is repeated two 
times. The residue is redissolued in dimethylformamide 
(5 mL) and trected with N , N-dimethy lamircpy ridine (0.5_ 
15 mmol) or N-methy limidazole (1 mmol). The solvent is 
roMiooed by evaporation under reduced pressure and the 
reaction allowed to sit overnight at rt. The residue is 
dissolved in chloroform (20 mL) and washed with aqueous 
HCl (2 ml, 0.1 M), water (2 mL) . aqueous N'aOH (2x2 mL, 
20 0.2 M), water (2 ml), and the organic layer dried over 
sodium sulfate and evaporated. The residue is purified 
on silicd gel using a gradient of isopropanol in 
chloroform (0-30%). The isolated product is homogeneous 
on TLC and by 400 MH^ NMR . 
23 'hp residue is desilylatcd by using the 2 M 

HF/IM tert-butyldinmonium fluoride (TBAf) "reagent 
described in B.L. Gaffney and R.A. Jones, Tetrahedron 
Lett ( 19 82) .23 -.22 57. To the 2H HF/IM tsr t-butylamrr.cnium 
fl^ride in pyridine (1 mmol of TBAF) is added the 
30 deprotected nucleoside from the previous paragraph. 
After stirring for 24 h, the reaction is partitioned 
between methylene chloride and aqueous sodium 
bicarbonate. The organic layer is washed with water, 
dried over sodium sulfate, and evaporated to dryness. 
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The r-esidue is purified by chromatography on silica 
using a gradient of methanol in methylene chloride 

The 3 ' -hydroxydinucleoside carbonates are 
concerted to the 3 ' -{4-nitrophenyl ) -carbonates by the 
method in Example 11. These deriuatives may be reacted 
with the 5'-hydroxyl of a nucleoside or oligonucleoside 
ccirbonate to prepare higher order oligonucleoside 
car-bor.dtes . 

Example 1 3 

r^.-,n;,f-inn nf a carbamp *-" -i n<-,.r«;nhuni t linkage. 

Sis (p-nitrophenyl)carbonate, p-anisoyldiphenyl 
methyl chloride, N , N-dimethylaniline (DMA), and 
triethylamine are available from Aldrich Chemical Co. 

The requir-sd 

5'-amino-2' ,5'-dideoxyribcnucleoside (employing acetyl 
or benzoyl groups for base protection u;here necessary) 
(1 mmol) prepared in Example 3 aboue, is treated with 
p-anisoyl d iphenylmethyl chloi'ide (1.2 mmol) in 
pyridine. After 12 h the soluent is evaporated and the 
r.isidue is redissolvjed in chloroform. This solution is 
ujdshed once each with aqueous NaHCO^ and water, then 
dr-Led over Na^SO^. After euaporation of the 
solvent, the residue is chromatoyfaphed on silica gel 
eluting with chlorof orm/methanol/ 1% triethylamine 
mixtures. 

The 5 ' -fcr-itylated ainir-onuclccside (I mmol) is 
evaporated twice from Dflf , then treated with 
bis-(p-nitrophenyl)carbonate (2 mmol) in the presence of 
triethylamine (or N , N-dimethylaminopy ridine , or N-methyl 
imidazole) (catalytic amount) using DHf as the solvent 
After 3 h, the solvent is evaporated and the residue 
dissolved in chloroform. This solution is washed twice 
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with 0.01 N aqueous NaOH , once with water, then dried 
ouer Na SO^. The soluent is roinooed by rotcyap and 
the residue: is chromatographed on silica gel routing 
first with a chloroform/0.1% DMA mixture, then with a 
chloroform/methanol/0. 1% DMA solvent system. The 
appropriate fractions are combined and evaporated to 
dryness. The residue is discolwed in a minimum of THF 
and this solution is added to an excess of hexanes. The 
precipitated activated nucleoside is collected by 
filtration and dried under vacuum. 

The required B ' -aminonu cleos ide (1.1 mniol), as 
prepared in Example 3 above, is twice evaporated from 
DMF. The acLivatcd nuclposlde (1 mmol) is added to the 
r-eaction vessel and the solids are dissolved in DHF. •. 
The solution is concentrated to a small volume and 
allowed to stand overnight. The solvent is completely 

! ..T^inn r'P'^TrJue iS 

removed under vacuum ana tne ■ co-.. 

dissolved in chloroform. This solution is twice washed 
with 0.01 N aqueous sodium hydroxide, once with water, 
then dried over solid sodium sulfate. The solvent is 
removed by rotovap, and the residue is chromatographed 
on silica gel eluting with the appropriate 
methanol/chloroform/1% triethylamino solvent system. 
The fractions containing the dimer nucleoside are 
25 combined, then evaporated to dryness. The residue is 

dissolved in a minimum of TllF and this solution is added 
to hexanes. The precipitate is collected and dried 
under vacuum. 



IS 



20 



30 



Example 1^ 



rnr.nation of fhlocarb a .n. intersuhunit linkage , 

N,N-dimethylaminopyridine (DMAP) is purchased 

from Aldrich Chemical Co. 



wo 86/05518 



PCT/LSS6/00544 



-81- 

For-ination of the thiocarbamate intersubunit 
linkage of the 5 ' -aminonucleosides prepared in Example 3 
is achieued in the same manner as described above in 
Example 13 with the following alterations in procedure. 
The 5 ' -aminonucleosides employed have as base-protecting 
moieties either 2- ( phenyl sulfonyl ) ethoxycarbonyl (for 
deoxycy tidine and deoxyadenosine) or 9-FMOC (for 
guanosine and 2 , 6-diaminc-2 ' -decxyriboside)- groups . The 
preparation of these molecules are described aboue 
(Example 3). Activation of the S ' -tritylaminonucleoside 
(1 minol> is achieved with p-ni trcphenylchlorothiof ormatre 
(as prepared by G Hilgetag and r, Phillippson, Monatsber 
Deut flkad Wiss Berlin (1964-) 6:897) ( 1.2 mmol) in the 
presence of trie thy lamine (2 mmol) and the DMAP 
(catalytic amount) in DMF . The coupling step employs 
this activated monomor (1 mmol) with the requisite , 
5'-di(iinonucieobide (l.l mmol) using DMAP or (M-methyl 
imidazole as catalyst and DMF as the solvent. In this 
aqueous workup of these steps, the 0.01 N aqueous NaCH 
washes are omitted, employing in- their place water 
was hes . 



Example 1 5 

Formation of carbamate and thioca rbamate intersubunit 
linkaqps between murpholino type subunits . 

N-methylimidazole is purchased from Aldrich 

Chemical Co. 

The ryquisite dry, N ' -protected , 5'-free 
alcohol iiiorpholino type nucleoside (employing acetyl ( 
benzoyl groups for base protection where necessary) 
(1 mmol), prepared in Example 5 above is treated with 
bis-(p-nitrophenyl)carbonate and triethylamine (or DM 
or N-methylimidazole) (catalytic amount) in DMF under 
anhydrous conditions. The solution is stirred for 3 
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then euaporated to dryness. The residue is dissolved in 
chloroform and the solution is washed twice uith 0,01 N 
aqueous NaOH , once luith water, then dried ouer 
^^^SO^. The soluent is rernoued by rotc^jap and the 
S residue is chroma tographed on silica gel eluting with an 
appropriate chlcr-^f^orm/ isopropanol/0 . 1% DMA mixture. 
The fractions containing the desired actiuated 
nucleoside are combined, euaporated, and the resulting 
solid is dissolved in a minimum of THF. The THF 

10 solution is added to an excess of hexanes and the 
resulting precipitate is collected and dried. 

The required 5'-free hydroxy, N'-free 
morpholino type nucleoside (using the identical base 
protecting groups listed aboue in this example) (1.1 

15 miiiol), after evaporation twice from DMF, is treated with 
the 5 ' -(p-ni trophenoxy Ccirbonyl)inorpholino subunit (1 
mmol) in DMF . The volume of the redCcion solution is 
reduced under vacuum to a small uolume. If required, a 
catalytic amount of fJ--methylimidazole or trie thy lamine 

20 i'^ added to the reaction vessel. The resulting solution 
is allowed to stand overnight at rt. The remaining 
solvent is evaporated, and the residue is dib-solved in 
chloroform. The chloroform solution is washed twice 
with 0.01 M aqueous fVJaOH , once with water, and^then 

2S dried over Wa^SO^. The solvent is removed by 

rotovap and the residue is c hroma tog raphed on silica gel 
eluting with c h lorof orm/me t hanol solvent mixtures. The 
fr-actions containing the desired dimer are combined, 
then rotovaped to dryness. The residue is dissolved in 

30 a minimum of Tl, " and the solution is added to an excess 
of fiexanes. The precipitate is collected and dried 
under vacuum. 

Morpholino subunits linked by thio carbamate 
moieties are prepared as related above in this example 
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^ith the following experirnental alterations. The base- 
protecting groups are either 

l_(phenylsulFonvl)ethoxvcarbonyl (for a.oxycy tidxne and 
deoxyadenosine) or 9-FMOC (for deoxyguanosine and 
2 6-dia-nino-2'-deoxyribosid3) groups. The preparation 
of these mm.culc= is described abo.e (Example^ 5). 
flcti.ation of the N-protected rnorpholino nucleoside 
O ..01) is achie.ed uith p-nitrophenylchlorothiof or.ate 
O 2 nnnol) in the presence of tr iethyla.ine (2 .mol end 
DMflP or N-methyl imidazole (catalytic amount) in DMF . 
The coupling step employs this activated monomer (1 
..nol) .ith the requisite N'-free rnorpholino nucleoside 
(1 1 nnnol) using OMAP or N-methyl imidazole as catalyst 
and DHF as the solvent .hile .arming the solution to .. 
35-.OOC. in the aqueous workup of these steps, the 0.01 
M aqueous NaOH uashes are omitted, employing in their 
place water washes . 



20 



25 



30 



Fxample 16_ 

o.„p...Kinn Of an ester- subunit linka_g3^ 
M,N-dimethylaminopyridine and N-methy limidazolo 

are obtained from flldrich. 

The coupling of two subunits is performed by 
...ction of the 5--N,M-acetamide-3--hydroxy derivative 
u^ith the .^ith the 3--silylated-5--acti.3 ..stc-r. ...es.- 
..e prepared as in Example 6. The reagents (1 mmol 
P^ch) are coe.aporated several times with 
dimethylformamlde, then dissolved in dimethylf ormami.c. 
(5 ml) and treated with N , N-dimethylaminopyndine (0.2 
.,,.01) or N-methylimidazole (1 mmol). The -^-"^J 
.enoved under reduced pressure and the reaction allowed 
to' stand at room temperature for 2 h. The residue is 
dissolved in chloroform and washed with dilute HCl^ 
.ater, and the organic phase dried with sodium sulfate 
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drid soluents euapordted under reduced pressure. The 
residue is purified by chromatography on silica gel 
using a gradient of methanol in chloroforin. 

The chain may be elongated by desilylation as 
in Example 6, and treatment of the resulting 3 ' -free 
hydroxy compoMncI uuiti. the actiue ester as in the 
previous paragraph. 

Example 17 
rnrmHi-ion of d t-BOC amide-li nked dimer 
fl fully protected t-BOC N-hydroxy succinimidoyl 
ester or p-riitrophenyl ester prep.ared as in Example 11.3 
and 11.4 (1 mmol) is dried by seueral coeuaporations 
ujith dry dimethyformamide. The protected amino acid ■. 
trifluoroacetate salt from Example 9 (1 mmol) is treated 
similar-ly. The t'jjo components are separately dissolued 
in dry dimethylf ormamide (2 mL) , mixed, and treated with 
diisopropylethyldiiiine (l.O mmol). The solution is 
stirred at room temperature for 1 h, then the solvent is 
r-emoued by evaporation under reduced pressure, the 
residue dissolved in chloroform and washed with dilute 
HCl. The organic layer is dried over sodium sulfate, 
evaporated to dryness under reduced pressure, and the 
residue purified by chromatography on silica gel using a 
25 gradient of methanol in chloroform (5-50%). 

Alternatively the t-80C dimer acid may be purified by 
chromatography nn C18 reverse phase silica gel using 
wc:ter and methanol ( trif luoroethanol) mixtures. 



'4 



30 



17.1 Preparation of the t-BOC dimer actiue ester 
The acid from tiie preuious paragraph is 
conuerted into the N-hy droxy su c cinimidoy 1 ester or 
p-nitrophenyl ester by application of the general 
methods in Example 11.3 and 11.4. 



vvj 
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17.2 Preparation of the t-BOC dimer amino aci d trlFluoro 
acetate 

The t-BOC dimer acid is treateJ with trifluoro 
acetate as per the gRneral procedure in Example 9. 

17.3 Preparation of a t-BOC tetramer acid 

The t-BOC dimer active ester and the dimer acid 
tr-if luoroacetate are coupled to the t-BOC tetramer acid 
by the general procedure. Purification is best effected 
by chromatography on CIS reuerse phase silica gel using 
ujate.' and metbdnoi (or trif luoroe thano 1 ) mixtures 
buffered to pH 7.0 with trie thylammonium acetate. In 
this manner chains of any length may be prepared by 
coupling an active ester with a free amine component, 

Example 13 

Geometric assembly of an 8-subunit carba ma te-linked 
polymer 

OEAE cellulose is purchased from Sigma Chemical 
Co. Preparative TLC plates are a product of £M Science 
purchased from UWR Scientific. HPLC equipment, columns, 
Hind supplies are auailable froin Beckman Instrument^" "".nc . 

The requisite carbamat e-link ed dimer (0.2 minol) 
prepared as d(iscr'ibed in example 12, is treated witl 4 
ml of a mixture of mnthanol/THF/glacial acetic 

acid at rt for 12 h. The soluent is removed under 
vacuum and the residue is taken up in a minimum of THF. 
The THF solution is added to a large uoluine of hexanes 
and the resulting precipitate is collected and driec^. 
The acetate salt is dissolved in a 4/ 1 THF/ethanol 
mixture and DEAE cellulose (0,8 mmol of the base) i 
added to the vessel. After stirring For 20 min, th^ 
heterogeneous mixture is filtered and the filtrate 
evaporated to dryness. The residue is dissolved 1'< a 
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miniuiuu. of ^/ 1 THF/ethanol and this solution is added to 
hexanes. The solid is collected and -dried. The 
precipitation procedure is repeated once. 

The required N-5'-trityl dimer (0.1 mmol) (as 
prepared in Example 12) is evaporated twice from OMF , 
then treated with bis (p-nitrophenyl) carbonate (2 mmol) 
in the presence of triethylamine (or OMAP or N-methyl 
imidazole) (catalytic amount) using DMF as the solvent, 
after 3 h the solvent is evaporated and the residue 
dissolved in chloroform. This solution is washed twice . 
with 0.01 N aqueous NaOH. once with water, then dried 
over Na SO.. The solvent is removed by rotovap and 
the residue i? chromatographed on silica gel eluting 
with a chloroform/isopropanol or methanol/0 . 1% DMA 
mixture. The appropriate fractions are combined and 
evaporated to dryness. The residue is dissolved in a 
minimum of THf and this solution is added to an excess 
of hexanes. The precipitated activated dimer is 
collected by ' filtration and dried under vacuum. 

The 5'-dinino dimer nucleoside prepared above 
(0,11 mmol) is twice evaporated from DMF. The activated 
diwiur (0.1 mmoi) is added to the reaction vessel and the 
solids are dissolved in DMF. The solution is 
concentrated to a small volume and allowed to stand 
overnight. The solvent is completely removed under 
vacuum and the resulting residue is dissolved in 
chloroform. This solution is twice washed with 0.01 N 
aqueous sodium hydroxide, once with water, then dried 
over sodium sulfate. The solvent is removed by rotovap 
) and the residue is chromatographed on a preparative TLC 
plate eluting with the appropriate 

methanol/chlorofonii/1% triethylamine- solvent system. 
The band containing the tetramer nucleoside is eluted 
and the solvent is evaporated. The residue is dissolved 
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in d minimum of THF and this solution is added to 
hexanes. The precipitate is collected and dried under 
vdcuutn. 

The follouuing transformations are performed 
using the procedures enumer<?.ted abov^e in this example. 
The requisite N-S'-trityl tetramer nucleoside (0.06 
mmol) is treated with 1/1/1 THF/methanol/glacial acetic 
acid, then purified to afford the 5 ' -aminote tramer 
nucleoside. Another aliquot of the N-S'-trityl tetramer 
nucleoside (0.05 mmol) is actiuated uith bis(p-nitro 
phenyl ) Cdrbon<^tG and subsequently purified. The tioo 
tetramers are coupled, uuorked up, and further 
purification is achievjed either by chromatography on a 
pr-Gparatiue TLC plate or by HPLC chromatography. the 
chr'omatO;:rdphed material is isolated as a solid, 
dissolved in a minimum of THF, and then precipitated 
from hexanes. The octc^^ner nucleoside is collected and 
dried . 

The octamer is configured for further use as 
folloujs. The N-5 ' -tri ty 1 octomer nucleoside is treated 
with 1/1/1 THF/methanol/glacial acetic acid and purified 
CMfiploying the conditions listed above. The S' -amino 
octomer nucleoside (0.01 mmol) is treated ojith succinic 
anhydride (0.02 iniuol) in pyridine at room temperature 
for tujo hours. The solvent is removed by rotovap and 
the r^esidue is evaporated several times from ethanol. 
The residue is taken up in 3/1 THF/ethanol and added to 
a 2/1 hexane/benzene mixture. Trie solid is collected 
and dried. The N-B ' -succinylated octamer nucleoside 
(0.01 mmol) is treated mith a 1/1 mixture of 
py ridine/concentrated ammonia (1 mL) . After standing 
over-night the solvent is removed by rotovap and the 
residue is evaporated from ethanol severjil times. The 
crude solid is pur'ified using reverse phase (RP-18) HPLC 
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chroiiiatogr'dphy . The elut^nts ar-e evaporated and the 
residue is taken up in DMSO and precipitated from a 1/1 
haxdne/benzene soluent mixture. The solid is collected 
and dried. 

Example 19 

Preparation of a c-jppor t-bound cleavable linker suitable 
for stepwise and s tepuise/block assembly of pol ymers: 
dctiuation of support and attachment of linker. 

Long-chain alk y lainine-der iua tized controlled 
pore glass (Cat. No. 24875) is obtained From Pierce 
Ct*iemical Co. 2 . 2-sulf ony Idie thanol and 
dicy clohexylcarbodiimide are obtained from Aldrich 
Chemical Co. 

The amino groups of the glass support 
(approximately 40 fninol per gr-am of support) are reacted 
with succinic anhydride essentially by the method of 
i'^dtteucci and Cdruthers ( J Ainer Chem Soc (1981) 
103,: 3 18 5) to giue free carboxylic acid termini. 
One-tenth mol of 2 , 2 ' -sulf onyldie thanol (60 % by weight 
in water) is dried by mixing with three uolumes of 
diinethylforMncimide (DMF), reducing to a thick syrup under 
udcuum in a warm water bath, adding a second quantity of 
DMF, r-educing to a thick syrup, and repeating the 
process a third time. Dry DMF is then added to giue a 
final sulfonyldiethanol concentration of 2 A mixture 

of 1 ml of the suironyldiotnaroi solution plus 0.2 g of 
dicy clohexylcarbodiimide is added to 1 g of the dry 
controlled pore glass support carrying carboxylic acid 
residues and the slurry mixed by rocking or tumbling 
(not stirring) overnight at rt. Thereafter, the glass 
support is thoroughly washed with methanol and dried. 
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Example 20 

Preparation of a I4-subunlt carbonate-linked polymer 
targeted against a conserued seguenceln the AIDS ulral 
genome: stepwise assembly on.a solid support' addition 
5 of the first subunit and chain extension. 

l\J-me thy i imidazole , 
4-(N , N-dimethylamino) pyridine (DMr^O. and 
1 , 3-diazabicycloC5 . 4.0]undec-7-ene (DBU) are obtained 

10 Fr-oin ftldrich Cheuiicdl co. Methyl p-ni trophenyl 

carbonate is prepared from methyl chlorof orma te and 
p-ni trophenol . 

The 2 ' -deoxy cy tidine subunit(0.1 mmol) 
prepdred as iri Exdmple 4.2 (wherein the N4 carries a 

15 p-ni trophenethoxy carbonyl moiety, the 5' oxygen carries 
a d L(p-inethoxy ) trityl moiety (DMT), and the 3' oxygen 
carries a p-nitrophenoxy carbonyl moiety) is dissolved in 
a irriniifidl uolume of dry te tr-ahydrof uran (THF) or 
dimothylf ormamide and added to 0.5 g of thoroughly dried 

20 controlled pore glass support carrying a cleauable 

linker, prepared as in Example 19. Catalyst (either 1 
ininol of N-Mie thy limiddifole or 0.1 mmol of DMAP) is 
intr-oduced and the slurry is mixed by rocking or 
trembling (not stlrr-ing) for 2 hours. The slurry is 

25 next filtered, and the solid washed thoroughly with THF. 

Any unreacted hydroxyls are capped by adding 
two ml of THF 1 M in methyl p-ni trophenyl carbonate and 
O.S M in OMAR and mixing for 20 inin at rt. Thereafter, 
the glass support is washed with THF and filtered. 

30 The dimethoxy trityl at the 5' terminus is then 

removed by washing the support with die hlorome thane 
followed by treatment with 5 ml of 0.2 M dichloroace tic 
acid in dichlorome thane for 5 min at rt. The glass 
suppor't is next washed with d ichlorcme thane and filtered. 
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Subsequent subunits, prepared as in Example 1 
and activated as in Example 2, are added in a like 
ifidnner and in the follouing order: G, , T A , A , C , A , T , T , 
T,T,T,C, (G protected with the FMOC moiety, A and C 
5 protected with the p-ni trophenethoxy carbonylmoie ty ) . 

Example 21 

Prepdration of a 19-subunit car bama te-linked polymer 
targeted against a conserved sequence in the AIDS uiral 
qenoitie. Stepwise asseinbly oF oligomer blocks on a solid 
suppor't: addition of the first subunit and chain 
extension. 

The 5'-amino-2' . 5 ' -dideoxy cy tidine subunit 
(0.2 inmol), prepar-ed as in Example 3 (wherein the N4 

15 car*ries a benzoyl moiety, the 5'-amine carries a 

p-ine thoxy tri tyl moiety, and the 3* oxygen carries a 
P-ni trophenoxycarbonyl moiety) is dissolved in a minimal 
volume of dr-y THF and added to 0 . 5 g of dried controlled 
pore glass support carrying a cleavable linker, prepared 

20 3s ifi Example 19. Catalyst (either 1 mmol 

N-methylimidazole or 0.1 mmol of DMAP) is introduced and 
the slurry mixed by rocking or^ tumbling for 2 h. The 
slur-ry is next filtered, and the solid washed thoroughly 
with THF. 

25 The mono-p-me thox y trityl is removed by washing 

with dichlorome thane , followed by treaLment with 5 ml cf 
0.2 M dichloroace tic acid in dich] oromethane at rt for 1 
ntiit. The support is then '.odshwd with di c hlorome thane 
and filtered. The 5' amino termini are converted to 

30 their free amine for*m by a brief wash with 3 ml of THF 
containing 1% by volume of diisopropyle thylamine , 
followed by washing with THF and filtration. 

0.1 mmol of 3' p-nitrophenoxy carbonyl-ac tivated 
diiner having the sequence 5'-A-r;-3', prep-^red as in 
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Example 13 (wherein the guanine N2 is protected uiith ^an 
acetyl moiety and the adenine N6 is protected with a 
benzoyl or a p-nitrobenzoy 1 moiety), is dissolved in a 
minimal volume of dry THF and added to the glass support 
and mixing is carried out for 2 h (no catalyst is added 
for this and subsequent coupling steps). The slurry is 
next washed uiith T]iF ariJ filtered. 

Any unreacted amine moieties are capped by 
adding 2 ml of THF 2 M in p-ni tropheny 1 acetate and 
mixing at rt for 20 min. Thereafter, the glass support 
is washed with THF and filtered. 

The mono-methoxy trityl at the 5' terminus is 
r'eij:oyed with dichlcroacetic acid*, as before. 

Subsequent activated dimeric subunits, prepar^!d 
ds in Example 17 (wherein the exocyclic ring nitrogen of 
cytosine is protected with a benzoyl moiety and the 
exocyclic r'ing nltr-ogen of A is protected with a benzoyl 
or a p-ni trobenzoy 1 moiety), and added xn a like manner 
and in the following order: A-T, C-A, T-A , T-T, T-T, 
A-C, A-C, C-A (5* to 3 ' ) . 

Subunits having base exocyclic ring rixwrogen 
pr-otectiue groups removable by strong nonnucleophilic 
bases (e.g., p-nitrophene thoxy carbonyl or phenylsulf onyl 
e thoxy carbonyl for A and C, and FI^.OC for G) can also be 
used for assembling polymers by the procedure above. 
However, polymers having these alternative protective 
groups are generally deprotected by treatment with DBU 
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Examplo 22 

Preparation of a 19-subunit amide-linked polymer 
targeted against a conserved sequence in the ftlDS uiral 
genome. Stepuise essembly of oligomer blocks on a solid 
support: additior^ of the f i rst subunit and chain 
extension . 

n cy Losiiie-containing acyclic-backboned subunit 
(0.2 inmol), prepar^ed as in Example 11.3 (wherein the 
of the cytosino carries a 2 ( P-nitrophenyl ) ethoxy carbony 1 
moiety, the amine of the backbone carries a 
t-bu toxy carborjyl moiety, and the carboxyl is in the form 
of d p-nitrophenyl ester) is dissolved in a minimal 
uolume of dry THF and added to O.B g of dried controlled 
por*e glass support carrying a cleauable linker, prepaned 
as in Example 19. Catalyst (either 1 nimol of 
N-me thylimida^ole or O.I mmol of OMAP) is introduced and 
the support mixed for 2.h, filtered, and the solid is 
washed thoroughly with THF. 

The t-30C is remoued by washing the support 
with dichloroHiethdne followed by treatment at rt with 5 
ml of 20% by uolume t rif luoroace ti c acid in. methylene 
cfiloride for' 30 man. The support is washed with 
dichloromethanc and filtered. The support-bound amino 
tfirminus is conuerted to the fr'ee aifiine form by a brief 
wash with 3 ml of THf containing 1% by volume of 
diisopropyiethyldmine. Foil owed by a THF w? h . 

The activated dirneric subunit (0.1 mmol) having 
trie sequence (amino terminus ) -G-A-( carboxy terminus) 
prepared as in Example 17 (wherein the N2 of guanine 
carries an FMOC moiety, the N6 of adenine carries a 
p-ni trophene thoxy carbonyl moiety, the backbone amino 
terminus carries a t-BCC moiety, and the carboxy 
terminus is in the form of a p-nitrophenyl ester) is 
dissolved in a niinimal volume of dry THF and added to 
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the glass support and mixing is carried out for 2 h (no 
catalyst is added for this or subsequent coupling 
steps). The support is ujashed with THF. 

Any unreacted amine moieties are capped by 
ddding 2 ml of 2 M p-ni tropheny 1 acetate in THF and 
mixing at rt for 20 min. Thereafter, the glass support 
is washed u:ith TiiT, 

The terminal t-BOC moiety is remoued u;ith TrA 
and the support neutralized, as described aboue. 

Subsequent dimeric subunits, prepr^red as in 
Example 17, ar;e added in a like manner in the following 
order: (C-terminus) T-A, A-C, A-T, T-T, T-T. C-A, C-A, 
A-C (^-terminus ) . 

Subunits hauing exocyclic ring nitrogen *^ 
protectiue groups remouable by good nucleophiles (e.g., 
benzoyl for C, benzoyl or nitrobenzoyi for A, and acetyl 
or isobutyr^yl f6r- G) can also be used for assembling 
polymers by the aboue procedures. Houueuer, polymers 
hauing these alternatiue pr^otectiue groups are generally 
deprctected by treatment with ammonium hydro.xide rather 
than by D3U. 

Example 23 

Confiqurinq the carbonate-linked polymer of Examole 20 
f or a solution application. 

The 5' oxygen of the 3 upport-bouiid polymer of 
Example 20 is succinylated with S ml of a THF solution 
1 M in succinic anhydride and O.l M in DMAP for 10 rr.ln 
at rt, washing with THF, and filtering. rNlGxt, the 
polymer is both released from the support and its 
recognition moieties ar^e deprotected by treatment with 3 
ml of dry DMSO containing 0.3 g of DBU at rt for 12 h. 
The polymer is fr-eed from DBU by two cycles of 
precipitation udth anhydrous either and resuspension in 
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anhydrous DMSO . Thereafter, the polymer is resuspended 
in aqueous DMSO containing a trace of pH 7.5 buffer to 
neutralize any residual OBU and purified by anun 
exchdrige chromatography . 

5 

Example 24 

Configuring the carbonate-linked polymer of Example 20 
for a solid phase application. 

5-AininocdProic acid is reacted uith 

10 2-phenv/lisopropy Ipheny 1 carbonate by the method of 

Saridberg and Sagniar s sor. ( Int J Peptide Prot Res (1974) 
6:111). The N-protected (10 mmol) product is then 
dcti^dted by reaction with 20 mmol of OCC and 50 inmol of 
p-ni trophenol in a minimal uolume of Df^F . the rasuitacit 

15 product is purified or\ silica gel deueloped with ether. 

The support-bound polymer of Example 20 is 
reacted with 1 Kirnol of the dboue aminocaproic product 
plus 0.1 mmol of DMAP in 2 ml of THF for 2 h at rt. The 
glass support is then washed with THF and filtered. the 

20 polymer is both released from the support and its 

recognition moieties deprotected by treatment with 3 ml 
of dry OMSO containing 0.3 g of DBU at rt for 12 h. The N 
polymer is fr^eed fr^om DBU by two cycles of precipitation {3 
with anhydrous ether and resu-spension in anhydrous DMSO. 

2 5 Thy phefi y 1 i s cprcpox y car bony 1 group is removed 

by adding 80% aqueous acetic acid and incubating at rt ^ 



for 



Li 



2 h. The depr-ctected polymer is precipitated with ^ 

ether, resuspended in aqueous DMSO, csfVj purified by ^ 

cation exchange chromatography. [|] 

30 One gram of cellulose (Type 20, Cat. fsto . 3504, ' || 

duerdge particle size of 20 microns, from Sigma Chemical p 

Co.), 1 g of bi;- (p-ni trophenyl) carbonate, and 0.2 ml of • ^1 

I'' 

triethylamine d!^e added to 5 ml of DMF and stirred rjj 
ouernight at rt . The slurry is filtered, washed once* .:;| 

r.i 
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with 10 ml of DMF, then uiith 50 ml of methanol, and 
dried u'.der udcuum. A typical level of activation 
obtained by this procedure is 23 nmol of 
p-nitrophenoxy Cdrbonyi moiety bound per gram of 
cellulose . 

The activated cellulose (0.5 g) is washed with 
DMSO, filtered, and 10 ^mol of polymer in 1 ml of DMSO 
is added followed by 30 p.mol of diisopropyle thyl 
amine. This mixtur^e is stirred slowly overnight at rt 
in a closed vjssel, filtered, and washed with Dn5G . The 
suppor^t is next washed with aqueous pyridine, rinsed 
with methanol, and dried. 

Example 25 

Co nficur'inq the car bama te-linked pol ym er of Fxample 21 
for a solution phase application. 

The 5' difiirio inoiety of the support-bound 
carbamace-linked polymer of Example 21 is succinylated 
by reacting with 5 ml of a TllF 1 M solution in succinic 
anhydride and 1 M in diisopropy lethylamine for 10 min at 
r't, then washing with THF. 

The polymer is released from the support by 
treatment with 3 ml of DMF containing 0.3 g of DSU. The 
polymer is freed from the DBU by 2 cycles of 
precipitation with ether and resuspension in DMF. 

Protective groups are rerricved from the 
recognition moieties by precipitating the polymers with 
ether, rcznt pending in l ml of DKiSO, and adding 1 ml of 
concentrated auimonium hydr'oxide. Generally, when the 
protective group on adenine is a benzoyl moiety, 
deprotection is carr'ied out in a closed container at 
30*^C for 12 h. Alternatively, when the protective group 
on adenine is a ni tr-obenzoy 1 and the protective group on 
guanine is an acetyl moiety, deprotection is carried out 
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at rt for 6 h. Uolatile components are remoued under 
udcuum and the polymer solution neutralized with pH 7.5 
buffer. Finally, the polymer, diluted in aqueous DMSO, 
is purified by anion excliange chromatography. 

Example 26 

Configuring the c-rbcrrate-linked polymer of Example 2 0 
for a solid phase application. 

The activated 6-a:ninocdprGic acid reagent (1 
nimol) of example 23 in 3 ml of THF is reacted uiith the 
supper* t-bound ^ Cdr'bainate-linked polymer of Example 21 for 
20 min at rt. The support is washed with THF and 
filtered. The terminal phenylisopropoxy carbonyl moiety 
is remoued by washii-^g with dichlorome thane , then 
reacting with 5 ml of 0 . S% trif luoroace tic acid in 
dichloromethane for IS min at rt, washing with THF, and 
filtering . 

The polymer is released from the support and 
pr'otectiue groups on the recognition moieties are 
remoued as in Example 25, except that the final 
pur*ification is by chromatography on a c a t i o I'l exchange 
column . 

The purified polymer is linked to a cellulose 
suppor't as in Example 20. 

Ex rumple 27 

Configuring the ainide-l inked polymer of Example 22 for a 
solution phase application. 

The support-bound amide-linked polymer of 
Example 22 is succinylated as in Example 24. 

The polymer is released from the support, its 
protective groups on the recognition moieties are 
rerooued, and it is purified as in Example 24, 
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E xample 28 

Configuring the amide-linked polymer of Example 22 for a 
solid phdse application. 

The support-bound amide-linked polymer of 
Example 22 is reacted with activated aminocaproic acid 
and the pheny lisopropoxy carbony 1 moiety removed as in 
Example 2*1. 

The polymer is released from the support, its 
protective groups on the recognition moieties are 
removed, it is purified, and then linked to a cellulose 
support essentially as in Exariiple 24. 

While preferred embodiments of the invention *• 
have been described herein, it uili be appraent to those 
in the art that. various modifications and changes can be 
made without depar^tirig from the invention. 
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(54) Title: STERECREGULAR POLYNUCLEOTIDE-BINDING POLYMERS 

(57) Abstract 

A polymeric com- 
position effective to 

bind, with a selected ^ w ^ ^ \ ^ ~ i 

binding afTmiiy, to a N E L"L 

biii2(ic-aUariueu polynu- 
cleotide containing a 
target scqutnce of bases. 
The composition in- 
cludes non-homopolym- 
eric, substantially sterc- 
oregular polymer mole- 
cules, each composed of 
a sequence of base com- 
plementary rccogniiion 
moieties adapted to hy- 
drogen bond to corre- 
sponding, in-sequencc , 

bases in such target se- ^ju-^ ^ ^M^''^^^ ^^^^ N-N 

qucnce, under selected i- i\j 

binding conditions, and 
a substantially stereore- 
gular, predominantly 
uncharged backbone 

supporting the recognition moieties at positions which allow hydrogen bonding between the recognition moieties and the 
corresponding in-sequencc bases in the target sequence. The composition is useful in a diagnostic assay system for deter- 
mination of a polynucleotide containing the target sequence; in research applications involving binding to specific target 
sequences m solution for the purpose of selectively alicring rnrget expression, includine replication, transcription, and 
translation; and in therapeutic uses based on inactivation of single stranded polynucleotides in vivo. 
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IT IS CLAIMED: 

I. A polymeric composition effective to bind 
with a selected binding affinity, to a single-stranded 
polynucleotide containing a target sequence of bases, 
comprising non-homo polymeric, substantially 
s tereoregular polymer molecules of the form: 




B ~ -B 8 . . B, 

where : 

(a) Luhere ^^-^^ recognition moieties 
selected from purine, purine-like, pyrimidine. and 
pyrimidine like heterocycles effective to bind by 
Watson/Crick pairing to corresponding, in-sequence bas 
in the target sequence; 

(b) II is SL!ch that the total number of 
Watson/Crick hydrogen bonds formed between a polymer 
molecule and target sequence is at least about 15; 

(c) 8 Q are backbone moieties joined 
predominantly by chemically stable, substantially 
uncharged, predominantly achiral linkages; 

(d) the backbone moiety length ranges from 5 
7 atoms if the backbone moieties haue a cyclic 
structure, and ranges from 4 to 6 atoms if the backbor 
moieties haue an acyclic structure; and 

(e) the backbone moieties support the 
recognition moieties at positions whicli allow 
Watson/Crick base pairing between the recognition 
moieties and the corresponding, in-sequence bases of t 
target sequences . 
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2. The composition of claim 1. wherein the 
recognition moieties are selected from the following 

group: 

1. NHj J. NHa 



O^^J" o-'^J o-'^nJ' 0^-^ 

HN^\ HM-^N,^ HN-S-N^ 



10. 



o n. o iz. 9 



^^CHj HN^^X X«=F. CI.Br.i 



oK^ oK^ 0^>*^ 



3. Th.e composition of claim 1. wherein the 
recognition moieties are selected from the following 
group: 



N 

U 



NHgCHs 
N 

N 




NHaCH, 




S. 



3. 



NH, 

I 



H2N 



1 ■ ^ 



CH, 

M 

N 



N 




V 



0 CH, 

II I 3 



"V I! N 



0 
II 



V 



8. 



CH, 



1 ij 
Hj.N^N'^ 



-1 no- 



lo 



15 



4. The composition of claim 1, wherein B is a 
cyclic backbone moiety.- and B ~ B has one of the 
following forms: 



-o-^R >-\^ 



CI 

<0 ' 



^ a 



0-0. 




^ R 



N' r-r. , g 



NH 
I 



0 0 
It tl 

where Y = 0,S and E = C or S 



30 
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5. The composition of claim 4, wherein B '^' B 
has one of the following forms: 



A-A. V^' 



Y=<r 



OyO 

0-0. 



where Y = S, 0. 

6. The composition of claim 1, wherein B.is 
ayclic backbone moiety, and 8 ~ "8 has one of the 
following forms : 




Rc 



H 



H 



l-l, L-L 



/ J-J, K-H 



Rc 



_ 1 '^o^ 

7. The composition of claim 1, for use in 
binding to an intracellular target sequence, wherein the 
polymer molecules contain at most 1-3 ionic charges, and 
no more that about 1 charge per 4 subunits. 

8. The composition of claim 7, uiherein the 
polymer molecules contain charged groups at one or both 
molecule ends . 

9. A method of preparing a substantially 
uncharged polymeric composition effective to bind 
specifically and with a substantially uniform binding 
affinity to a single-stranded polynucleotide, said 
method comprising 

(1) selecting a specific sequence of bases in 
the polynucleotide, said sequence constituting the 
target sequence; 

(2) Prouiding a group of subunits of the form: 
8-R . , and B-R . , where : 

(a) and R_. are recognition moieties 
selected from purine, purine-like , pyrimidine, and 
py rimidine-like heterocycles effective to bind by 
Watson/Crick pairing inuolumg two and three hydrogen 
bonds, respectively, to corresponding bases contained in 
the selected target-specific sequence; 

(b) 8 is a backbone moiety which can be coupled 
to another backbone moiety 8 by a chemically stable, 
uncha.^ged, achiral linkage; 

(c) the spacing between adjacent backbone 
moieties, when coupled, is 6 atoms if the backbone 
moieties have a cyclic structure, and between 4—6 atoms 
if the backbone moieties have an acyclic structure; and 

(d) the backbone moieties, when coupled, form a 
backbone which supports the recognition moieties at 
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positions which allow Watson/Crick base pairing between 
the recognition moieties and the corresponding, 
in-sequence bases of the target sequences; and 

(3) coupling the subunits in a defined sequence 
corresponding to the sequence of bases in the 
target- specific sequence. 

10. The method of claim 9, which further 
includes providing both R^^ and recognition 
moieties for at least one base in the targe t-s pepcific 
sequence, and* adjusting the binding affinity of the 
composition for the target sequence by decreasing the 
ratio of R^/Ry to increase the binding affinity, 

and increasing the ratio, to decrease the binding 
affinity . 

11. The method of claim 9, which further 
includes introducing a group which carried an ionic 
charge at or near neutrality at one or both ends of the 
polymer molecules, to increase the solubility of the 
polymer in an aqueous medium. 

12. The method of claim 9, wherein are 
selected from the following group; 
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and R. are selected from the folloujing group; 




15 



where X=F, CL, Br, or I. 

13. The method of claim 9, wherein B is a 
cyclic backborva moiety, and adjacent backbone moieties, 
when linked together, haue one of the following forms: 



20 



30 



O .0 .NH 

.0 




,o I 

^0-1^0 « °=\_ ^ R 



0-0. f-f. 



I 

NH 
I 



where Y = S, 0 and E = C or S 

i 
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14.^The method of claim 9, wherein B is an 
acyclic back^^one moiety and adjacent backbone moieties, 
when linked/together, haue one of the following forms: 




/ J-J. K-M 



K-K,M-H 



where E = C or S 

i 
0 



15. A method for inhibiting expression of a 
single-stranded polynucleotide contained in a system in 
which a selected activity is expressed, said method 
compris ing , 

(1) selecting a target sequence in the 
polynucleotide which is required for such expression, 

(2) providing a group of subunits of the form: 

B-R . , where : 
1 

(a) R. are recognition moieties selected from 

1 

purine, purine-like, pyrimidine, and pyrimidine like 
hetei'ocy cles effective to bind by watson/Crick pairing 
inuoluing two or three hydrogen bonds, to corresponding 
bases contained in the selected target sequence; 



.4 
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(b) B vis a backbone moiety which can be coupled 
to another backbone :r oiety B' by a chemically stable, 
uncharged, achiral 'V nkage ; 

(c) the uni'^i length of backbone moieties, when 
5 coupled, is 5 to 7 atoms if the backbone moieties have a 

cyclic structure, and 4 to 6 atoms if the backbone 
moieties haue an acjclic structure; and 

(d) the backbone moieties, when coupled, form a 
backbone which supports the recognition moieties at 

10 positions which allow Watson/Grick base pairing between 
the recognition moieties and the corresponding, 
in-sequence bases of the target sequences; 

(3) coupling the subunits in a defined 
sequence to form a predominantly uncharged, s tereoisosier 

1^ polymer designed to bind specifically to the target 
sequence, 

(4.) additing the polymer to the system and 
observing the extent of inhibition of the polynucleotide 
expression, 

20 depending on the degree of inhibition of 

polynucleotide expression which is observed, adjusting 
the binding affinity of the polymer for the target 
sequence by one or both of the steps of (a) varying the 
length of the target sequence and the corresponding 

2^ polymer length (b) varying the ratio of recognition 
moeities which form three and two hydrogen bonds with 
corresponding in-sequence polynucleotide bases; and 

by said adjusting producing a polymer whose 
binding affintity is substantially the lowest affinity 

30 which is required to effect such inhibition of 
polynucleotide expression. 
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